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The research reported in this thesis is inspired by the challenges presented by clinical 
work with young children with developmental problems and disorders – in particular autism 
spectrum disorders (ASD) – and is an effort to integrate clinical and scientific findings. The 
variety and complexity of “real life” – i.e. the notion that each individual develops a unique 
profile of strengths, limitations and needs over time, and that this occurs through ongoing 
interactions with her/his unique and changing environments beginning in prenatal life – is not 
evidently compatible with the diagnostic and classification rules posed to clinical practitioners 
and to researchers. In the case of ASD, the high heterogeneity as regards severity, course and 
associated problems - and also overlap with other conditions - are additional complicating 
factors. The central question addressed in this thesis is about the early differentiation of ASD: 
differentiation from other disorders and differentiation within ASD.  
In the sections below, I first introduce ASD by addressing prevalence, defining criteria, 
and overlap with other neurodevelopmental disorders, and by highlighting the heterogeneity 
of ASD. This is followed by an introduction to the central theme of this thesis which is the 
early differentiation vs grouping of ASD among neurodevelopmental disorders and within 
ASD. This theme is covered by several studies on early presentation, prenatal risk factors and 
developmental trajectories.       
 
Defining ASD among the group of neurodevelopmental disorders 
Autism spectrum disorders (ASD) are early emerging neurodevelopmental disorders 
with a life-long impact (Baxter et al., 2015). Behavioral and cognitive signs of ASD often 
become manifest in the second year of life or earlier, with clinical diagnosis becoming possible 
by age 2 to 3 years for many children, although in others overt symptoms may only manifest 
at a later age (Constantino & Charman, 2016; Yirmiya & Charman, 2010). Although ASD was 
once thought of as a rare condition, the current prevalence of ASD is estimated at about 1.5% 
in the US and at about 0.7% worldwide, with increase being most notable in the milder cases 
(Baxter et al., 2015; Lyall et al., 2016). The variability in prevalence estimates – which are 
mainly based on epidemiological studies in children – is partly due to differences in 
methodological approaches (e.g. clinical data, surveys), geography (e.g. differences between 
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countries in health registration policy, sparse data on developing countries) (Lyall et al., 2016), 
but also to inconsistently defined disorder categories (Baxter et al., 2015).  
The current descriptive diagnostic criteria for ASD comprise deviances and deficits in 
social-communicative behaviors, restricted or repetitive behaviors and interests and atypical 
sensory processing (DSM-5; APA 2013). In the DSM-5, ASD are classified under the broad 
group of neurodevelopmental disorders along with attention-deficit hyperactivity disorder 
(ADHD) and other developmental deficiencies or disorders such as intellectual disability, 
learning-, communication- and motor disorders. Reason for grouping these 
neurodevelopmental disorders together is that they have many features in common, which 
offers a basis for clinical and scientific work (Thapar, Cooper, & Rutter, 2016). At the level of 
presenting symptoms and impairments, neurodevelopmental disorders rarely occur in 
isolation and may be hard to disentangle because their symptom domains show a high overlap 
and co-occurrence. In particular, symptoms or traits of ASD and ADHD frequently co-occur 
(Lundstrom et al., 2011; Simonoff et al., 2008), show some overlap (Martin, Hamshere, 
Stergiakouli, O'Donovan, & Thapar, 2014) and often go along with language delays (Hagberg, 
Miniscalco, & Gillberg, 2010), impairments in motor skills (Damme, Simons, Sabbe, & van 
West, 2015; Fliers et al., 2009; Leonard et al., 2013) and specific cognitive profiles, raising the 
possibility that to some extent ASD and ADHD may represent different manifestations of a 
same disorder (van der Meer et al., 2012). Unraveling the extent to which these disorders 
overlap and diverge basically requires a broad multidisciplinary approach to assessment and 
intervention of neurodevelopmental disorders that goes beyond the core symptoms and 
considers the various developmental domains, co-occurring symptoms or traits, and how 
these relate to and interact with one another and with contextual factors (Thapar et al., 2016). 
At the level of underlying pathology and etiology, neurodevelopmental disorders have in 
common an early onset with rather steady course, delays and deviances in the development 
of brain structure and function thought to originate in the prenatal and early postnatal 
periods, a male preponderance and strong genetic influences on individual differences and 
liability (Rutter, Kim-Cohen, & Maughan, 2006; Thapar et al., 2016). These shared features 
across disorders also call for a cross-disorder research approach to phenotypes, underlying 
pathology, etiology and developmental mechanisms (Constantino & Charman, 2016; E. J. S. 
Sonuga-Barke, 2016). Notwithstanding the many global features shared by 
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neurodevelopmental disorders, there is also high heterogeneity in the manifestation, etiology 
and course within neurodevelopmental disorders such as ASD.     
The heterogeneity of ASD can be conceptualized at a quantitative/dimensional level and 
at a categorical/diagnostic level. In dimensional terms, the quantity and severity of defining 
symptoms of ASD (Constantino, 2011) and ADHD (Lubke, Hudziak, Derks, van Bijsterveldt, & 
Boomsma, 2009) largely vary between affected individuals from subclinical traits to fully 
developed clinical disorders, whereby similar etiologic/genetic factors seem to operate along 
the whole continuum of severity (Larsson, Anckarsater, Rastam, Chang, & Lichtenstein, 2012; 
Robinson et al., 2011). Moreover, as ASD do not occur in isolation, heterogeneity can also be 
ascribed to (quantifiable variations in) co-occurring characteristics outside the defining core 
symptoms (e.g., cognitive abilities, emotional or behavioural problems or disorders) and their 
unique and shared pathophysiology and etiology (Constantino & Charman, 2016; Lilienfeld, 
2014; Thapar et al., 2016). On the other hand, there are conditions under which the 
heterogeneity of psychopathology may better be conceptualized and operationalized at a 
categorical level through the use of diagnostic categories. In clinical work, an exclusive 
dimensional conceptualization of psychopathology hampers the determination of clear 
diagnostic cutoffs that are necessary to decide which cases to treat and how to treat them 
(Constantino & Charman, 2016; Rutter & Pickles, 2016; Thapar et al., 2016). This is especially 
relevant as core symptom burden is only partially correlated with degree of impairment in 
functioning, whereas the latter is often decisive in diagnostic and therapeutic choices (Coghill 
& Sonuga-Barke, 2012; Constantino & Charman, 2016; Thapar et al., 2016). This applies even 
more to co-occurring characteristics – both problems or disorders and competencies – that 
affect presentation, treatment response and outcome. Furthermore, there is evidence from 
epidemiological and clinical studies, as well as biology, that there are meaningful differences 
among diagnoses. For example, a different response to pharmacological treatment with 
stimulants can generally be expected in ADHD vs ASD, which can be linked to differences in 
underlying biological mechanisms (Pickles & Angold, 2003; Rutter & Pickles, 2016). In the 
same line, responses to social reward and motivation techniques seem to differ between ASD 
and ADHD, although there is a dearth of empirical knowledge on this issue. In sum, 
neurodevelopmental disorders can be conceptualized both as a coherent group of disorders 
with high overlap and many features in common, and as a heterogeneous group that can be 
categorized in distinct subgroups with (partly) different manifestation, etiological factors, 
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treatment response and outcome. In the same line, neurodevelopmental disorders may be 
conceptualized as dimensions or as categories, depending on the conditions and on the 
questions that have to be answered (Pickles & Angold, 2003). The currently most active 
question in both clinical and basic scientific work with neurodevelopmental disorders relates 
to the search for stratification markers that allow to define subgroups that are more 
homogeneous in terms of causes and/or biological mechanisms. These stratified subgroups 
should be clinically validated, for example by their virtue of prediction of course and response 
to targeted interventions. To this end, a developmental perspective, preferably starting in 
early childhood, is much needed.  
 
Challenges of an early development perspective on ASD 
Although there is poor consensus about the definition of mental disorders in early 
childhood, at present ASD forms a relative exception. The relative consensus on ASD as 
neurodevelopmental disorder is due to extensive research that has been done in the field of 
ASD, and has resulted in better knowledge among professionals and general public about the 
early onset, early signs, and high stability of ASD (Oosterling et al., 2010). Nevertheless, also 
at a young age, aforementioned heterogeneity is the rule rather than the exception in ASD. 
Heterogeneity is further increased by that the manifestation of core ASD symptoms and 
associated features within individuals undergo substantial changes during (early) 
development, because they are linked to maturational/ developmental processes in other 
areas and because of interactions between core symptoms and co-occurring problems or 
disorders. Diagnostic differentiation may therefore remain uncertain until later preschool 
age, particularly in cases with 1) less (severe) core symptoms, 2) no marked developmental 
delays, 3) confounding externalizing or internalizing behavioral problems, and/or 4) 
prominent environmental factors that seem to exacerbate, or conversely compensate the 
symptoms and impairments, which complicates diagnostic decision making. This illustrates 
general aspects of early development that may pose particular challenges to the 
conceptualization and operationalization of mental disorders at young age. Namely, the 
immaturity, rapid developmental changes, uneven pace of growth of mental functions and 
interactions between developmental domains, added to the strong intertwinement between 
the child’s functioning and his/her caregiving environment can hamper the determination of 
the relative role of each domain in the pathology (Egger & Angold, 2006; Egger & Emde, 2011). 
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Nevertheless, these very aspects of early development offer unique opportunities to study 
and better understand the basic characteristics and developmental mechanisms that may 
underlie the emergence of neurodevelopmental symptoms or disorders. Such knowledge is 
crucial to better interpret the end results of those mechanisms once complex disorders have 
developed.  
 
Opportunities of an early development perspective on ASD  
When it comes to the early signs and mechanisms lying at the basis of mental 
disorders, the study of ASD offers a number of obvious opportunities, even over other early 
onset neurodevelopmental disorders groups such as ADHD. First, the atypicalities related to 
ASD emerge early in life and implicate many different developmental areas that have been 
investigated in the first few years of age (Gliga, Jones, Bedford, Charman, & Johnson, 2014). 
For example, already in the first year differences in social communication and in fine motor 
skills have been reported by parents, as well as differences in play and imitation in the second 
year (Bolton, Golding, Emond, & Steer, 2012). More subtle atypicalities in the development 
of gaze behavior, specifically social orienting, may also be observed in the first year, and have 
been confirmed by refined eye-tracking techniques (see for reviews Falck-Ytter, Bolte, & 
Gredeback, 2013; Guillon, Hadjikhani, Baduel, & Roge, 2014). In general, ASD may reliably be 
diagnosed from about the second year (Yirmiya & Charman, 2010; Zwaigenbaum, Bryson, & 
Garon, 2013), whereas the first signs of ADHD show much overlap with ubiquitous ADHD-like 
behaviors and only become predictive of ADHD from about preschool age onwards (E. J. 
Sonuga-Barke & Halperin, 2010). Second, reliable and standardized quantitative measures for 
core ASD symptoms are available for different developmental phases beginning in the first 
years of age (Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2008), which is not yet 
the case for other disorder groups. Finally, the high heritability of ASD has allowed the study 
of children at familial risk for ASD beginning in the first year of life, i.e. before clear symptoms 
have developed (Jones, Gliga, Bedford, Charman, & Johnson, 2014).  
The relatively extensive research on ASD covering the first years of life has not been 
equaled by research over the preschool period, leaving a relative gap of knowledge about the 
developmental phase following infancy or toddlerhood and preceding older school age. This 
is highly relevant because the unfolding of core symptoms and traits is closely linked to 
maturation and developmental changes that occur during the preschool years in the domains 
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of behavioral and emotion regulation, intelligence and executive function. For example, 
restrictive-repetitive behaviors and interests are likely to become better observable and 
differentiable from normative behaviors as children grow older (Bishop, Richler, & Lord, 
2006). Cognitive functions, which follow complex and prolonged developmental trajectories 
well beyond the third year, are known to moderate the course of core symptoms (Johnson, 
2012) and should therefore be followed at least until older preschool age (Garon, Bryson, & 
Smith, 2008; Pauli-Pott & Becker, 2015). Another reason to extend developmental studies of 
ASD to the preschool period are the high rates of co-occurring symptoms or traits that fall 
outside the core domains. Significant behavioral and emotional regulatory problems 
frequently occur in the toddler and preschool period which can strongly impair functioning. 
In the presence of ASD, these problems may initially be hard to disentangle from the core 
symptoms or be interpreted as directly resulting from ASD. Alternatively, they may represent 
the symptoms/traits of distinct (co-morbid) disorders. Follow up into preschool age may 
better allow to make these distinctions in children from about 3 years of age (Sterba, Egger, 
& Angold, 2007; Wakschlag et al., 2008; Wakschlag et al., 2012). To understand the relative 
contribution of various developmental characteristics and processes in the heterogeneous 
manifestation and course of ASD, it is thus necessary to study and follow a broad set of 
characteristics and phenomena, beginning in early childhood. 
 
Aims and outline of this thesis 
The aim of this thesis is to contribute to the literature on the presentation, risk factors 
and trajectories of ASD from the perspective of early development. The central theme is 
about the early differentiation vs grouping of ASD among neurodevelopmental disorders 
(NDD) such as ADHD and differentiation within ASD, on the basis of presentation, risk factors 
and developmental trajectories. This theme is worked out in three main questions:  
- To which extent and in which domains do ASD overlap and differ from closely related 
neurodevelopmental disorders, specifically ADHD.  
- Can ASD be differentiated from other mental disorder groups and from typical development 
at toddler and preschool age using parent questionnaires?  
- Can ASD be differentiated into more homogeneous developmental phenotypes that are 
scientifically valid and clinically useful?  
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To answer these questions we used measures of core symptoms, behavioral problems and 
competencies, pre- and perinatal risks, cognition, language and clinical best estimate 
diagnoses.   
In chapter 2, a review is provided of the literature on the core symptoms, temperament 
and executive function in ASD and ADHD from infancy through preschool age (6 months to 7 
years). ASD and ADHD show overlapping characteristics and etiological factors in school aged 
children, adolescents and adults, but to which extent this applies to infant- and preschool age 
is less well understood. Studying the associations between ASD and ADHD in the first years of 
life makes it possible to examine whether and how phenotypic overlap emerges and develops, 
and whether the development of one disorder or dysfunction leads to the development of 
the other(s); or alternatively, whether distinct disorders or dysfunctions originate from a 
common set of early risk factors. We extensively discuss the challenges presented by the 
reviewed literature and draw several preliminary conclusions on the shared and unique early 
behavioral and cognitive characteristics of ASD and ADHD. 
 
Chapters 3 and 4. The information provided by parent reports and which is based on their 
long-lasting and daily experiences with their child has proved a very effective first step 
towards the early detection of ASD. Less is known about the added value of including a range 
of problem domains outside the core symptoms in this early detection process. In chapters 3 
and 4, the discriminative ability as regards ASD of a brief and extended form of a parent 
questionnaire covering a broad range of problem domains and competencies is examined.  
In chapter 3, the screening accuracy as regards ASD of a brief 42-item parent-completed 
questionnaire, the Brief Infant-Toddler Social and Emotional Assessment (BITSEA), is 
examined by comparing a clinical sample of preschool children with ASD (n=159; mean age 
2.7 years), with a general population sample of 2-year old toddlers (n=3127). Screening 
accuracy was calculated for the whole BITSEA scale and for the separate Problem-, 
Competence-, and newly extracted ASD subscales.     
In chapter 4, the discriminative ability of the Infant-Toddler Social and Emotional 
Assessment (ITSEA) as regards three broad groups of psychopathology (ASD, internalizing and 
externalizing disorders) is examined in a preschool sample referred for child psychiatric 
evaluation (n=85; mean age 3.3 years) and diagnosed after a comprehensive  multidisciplinary 
assessment. The discriminative ability of the ITSEA, a 201-item parent questionnaire that 
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covers a broad range of problem domains – including temperamental based regulation 
problems – and competence domains, was compared with the discriminative ability of the 
Child Behavior Checklist (CBCL-2.5-5) and problem scales of the Parental Stress Index (PSI).  
 
Chapter 5. ASD are strongly genetically determined disorders but evidence suggests that pre- 
and perinatal risk factors may also contribute to the development of ASD. The differential role 
of these early risk factors across ASD phenotypes has received little attention, whereas it is 
likely that the phenotypic heterogeneity of ASDs partly reflects etiological heterogeneity (Bill 
& Geschwind, 2009; Constantino, 2011). In chapter 5, the differential contribution of pre- and 
perinatal factors in narrowly versus broadly defined ASD and across core symptom domains, 
IQ and co-morbid problems is examined. The sample consisted of children diagnosed with 
ASD (n=121; mean age=2.8 years) based on a comprehensive multidisciplinary assessment. 
Information on pre- and perinatal factors was retrospectively obtained from a questionnaire 
derived from the Prechtl optimality scales.   
 
Chapter 6. The high heterogeneity of ASD along multiple domains complicates research and 
clinical work. In chapter 6, ASD is stratified into more homogeneous developmental 
subgroups based on early developmental trajectories of core symptoms. These subgroups are 
further characterized in terms of trajectories of language, cognition, co-occurring (ADHD-
related) traits and clinical outcome diagnosis. The sample consisted of children (n=203) 
referred for possible ASD at age 1-4 years, and who underwent a comprehensive 
multidisciplinary assessment at three time points at intervals ranging from 9 months to 3 
years. Assessments included standardized measures for ASD (Autism Diagnostic Observation 
Schedule; ADOS), language (ADOS-language item), non-verbal IQ and parent-reported 
behavioral problems on the ITSEA and CBCL. 
 
In Chapter 7, the results are summarized, discussed and placed into a broader 
perspective.   
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Abstract 
Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) have 
overlapping characteristics and etiological factors, but to which extent this applies to infant- 
and preschool age is less well understood. Comparing the pathways to ASD and ADHD from 
the earliest possible stages is crucial for understanding how phenotypic overlap emerges and 
develops. Ultimately, these insights may guide preventative and therapeutic interventions. 
Here, we review the literature on the core symptoms, temperament and executive function 
in ASD and ADHD from infancy through preschool age, and draw several conclusions: (1) the 
co-occurrence of ASD and ADHD increases with age, severity of symptoms and lower IQ, (2) 
attention problems form a linking pin between early ASD and ADHD, but the behavioral, 
cognitive and sensory correlates of these attention problems partly diverge between the two 
conditions, (3) ASD and ADHD share high levels of negative affect, although the underlying 
motivational and behavioral components seem to differ, and (4) ASD and ADHD share 
difficulties with control and shifting, but partly opposite behaviors seem to be involved.  
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1. Introduction 
ASD and ADHD are neurodevelopmental disorders that share an early onset, delays 
and deviances in the development of brain structure/function, cognitive impairments, a male 
preponderance, and strong genetic influences on individual differences and liability (Rutter, 
Kim-Cohen, & Maughan, 2006). Over the past decade, research has indicated that symptoms 
of ASD and ADHD frequently co-occur in the same individuals and cluster within families (de 
Bruin, Ferdinand, Meester, de Nijs, & Verheij, 2007; Melegari et al., 2015; Simonoff et al., 
2008) (Hofvander et al., 2009; Lundstrom et al., 2011). Further, both conditions have 
overlapping characteristics and etiological factors (see Posthuma & Polderman, 2013; 
Rommelse, Franke, Geurts, Hartman, & Buitelaar, 2010; Rommelse, Geurts, Franke, Buitelaar, 
& Hartman, 2011; Ronald, Pennell, & Whitehouse, 2010; Taurines et al., 2012 for reviews). 
However, most of this research has been conducted in middle childhood and early 
adolescence. To which extent ASD and ADHD overlap or differ at the level of overt 
characteristics, brain mechanisms and etiology at infant and preschool age is less well 
understood.  
There are important reasons for studying the development of ASD and ADHD and their 
phenotypic overlap from the earliest possible stages. Both ASD and ADHD, like most 
psychopathological conditions, develop from interactions among multiple genetic and 
environmental influences on a network of neurobiological systems that begin to unfold in 
prenatal life (Rutter, 2011; Sonuga-Barke & Halperin, 2010). These interactions explain why 
distinct impairments and risks in ASD and ADHD show varied developmental trajectories and 
outcomes (see (Elsabbagh et al., 2011; Sonuga-Barke, 2005; Thapar, Cooper, Eyre, & Langley, 
2013; Willcutt et al., 2012) for reviews). Studying the associations between ASD and ADHD in 
the first years of life makes it possible to examine whether and how phenotypic overlap 
emerges and develops, and whether the development of one disorder or dysfunction leads 
to the development of the other(s); or alternatively, whether distinct disorders or 
dysfunctions originate from a common set of early risk factors. Further, study at very young 
age may allow the identification of the behavioral, cognitive, neural, genetic and 
environmental processes that precede/ underlie the expression of clinical symptoms of ASD 
and ADHD. Ultimately, insight in these early processes may have implications for preventative 
and therapeutic interventions (Sonuga-Barke & Halperin, 2010; Yirmiya & Charman, 2010).  
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Here, we review the literature on the early signs and developmental antecedents of 
ASD and ADHD. We focus on the core behaviors, temperament and cognition in children up 
to preschool age and highlight the unique and shared characteristics of both conditions. Doing 
so, we partly build on a recent review focusing on early markers for ASD and ADHD in infants 
at risk (Johnson, Gliga, Jones, & Charman, 2014). Up till now, research in ASD has an obvious 
lead over ADHD as regards the precursors and early signs and has recently been discussed in 
four reviews (Elsabbagh & Johnson, 2010; Jones, Gliga, Bedford, Charman, & Johnson, 2014; 
Yirmiya & Charman, 2010; Zwaigenbaum, Bryson, & Garon, 2013). There is only one review 
explicitly comparing the early characteristics of ASD and ADHD (M. H. Johnson et al., 2014); 
Our review adds to this review (1) by including not only studies with children at familial risk 
but also studies with clinical and population samples, allowing to examine the characteristics 
in a wider range of severity of ASD and/or ADHD, (2) by an in depth focus on the core 
symptoms, temperament and early emerging executive function in ASD versus ADHD. This is 
relevant as co-morbidity may be a result of interactions among such characteristics over time, 
conform a network approach to disorders and co-morbidity (Borsboom & Cramer, 2013; 
Borsboom, Cramer, Schmittmann, Epskamp, & Waldorp, 2011) instead of being merely a 
result of latent constructs, (3) by extending the age range to preschool years (up to 7) in 
contrast to previous reviews. This is of particular relevance since many characteristics, in 
particular neurocognitive capacities, while emerging in the first months of life, continue to 
undergo important changes during the 3rd  to 6th year. We chose for a qualitative review 
approach because of the inclusion of a wide range of data on ASD and ADHD from a disparate 
literature that does not lend itself to a quantitative pooling of results, in line with the 
directives for reviews highlighted by (Nigg, 2012).  
Several issues that explain the approach and focus of the present review warrant 
consideration. First, ASD and ADHD are both heterogeneous conditions. Symptoms of ASD 
and ADHD range from mild and even subclinical traits in the general population to fully 
developed clinical disorders (Coghill & Sonuga-Barke, 2012; Constantino, 2011; Frazier, 
Youngstrom, & Naugle, 2007; Lubke, Hudziak, Derks, van Bijsterveldt, & Boomsma, 2009). As 
similar heritability estimates have been found across different levels of severity in ASD and in 
ADHD (Larsson, Anckarsater, Rastam, Chang, & Lichtenstein, 2012; Robinson et al., 2011), 
similar etiologic factors may operate along the continuum of severity. Therefore, we include 
both studies reporting on subclinical, quantitative traits as well as clinical symptoms of ASD 
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and ADHD. Second, both ASD and ADHD encompass distinct core symptom domains with 
(partly) differing heritability and course. In ASD these domains are the social-communicative 
versus restrictive-repetitive behavior domains (Happe & Ronald, 2008; Robinson et al., 2012), 
and in ADHD the hyperactivity-impulsivity versus inattention domains (Frazier et al., 2007; 
Greven, Asherson, Rijsdijk, & Plomin, 2011; Greven, Rijsdijk, & Plomin, 2011; Nikolas & Burt, 
2010). Third, valid assessment of early signs in the core domains of ASD and ADHD is 
compromised by the uneven maturational course of different skills and corresponding 
impairments (Pauli-Pott & Becker, 2011, 2015). Specifically, several core symptoms of ASD 
generally manifest at an earlier age than the core symptoms in ADHD. ASD may reliably be 
diagnosed from about the second year (Yirmiya & Charman, 2010; Zwaigenbaum et al., 2013), 
whereas the first signs of ADHD show much overlap with ubiquitous ADHD-like behaviors and 
only become predictive of ADHD from about preschool age onwards (Leblanc et al., 2008; 
Sonuga-Barke & Halperin, 2010; Wahlstedt, Thorell, & Bohlin, 2008). This is why early 
emerging dysfunctions like those in attentional processes, and temperamental traits are of 
particular interest in very young children as these may represent more direct risk markers of 
atypical development than later emerging clinical phenotypes (Elsabbagh et al., 2011; 
Elsabbagh & Johnson, 2010; Gurevitz, Geva, Varon, & Leitner, 2012; Nigg, Goldsmith, & 
Sachek, 2004). Alternatively, early emerging dysfunctions may act as modifiers of the 
phenotype and developmental course of ASD and ADHD (Clifford et al., 2013; Johnson, 2012; 
Mundy, Henderson, Inge, & Coman, 2007). Hence, in this review we take into consideration 
behavioral measures belonging to the core domains as well as measures of temperamental 
and cognitive domains.  
 
2. Method 
2.1. Identification of studies 
We searched with PubMed and Web of Science for peer reviewed English-language 
research articles published between 2000 and February 2015. The following search terms 
were used: autism (spectrum) (disorder), ASD, attention deficit (hyperactivity) (disorder), and 
ADHD in combinations with: co-morbidity, attention (deficit), hyperactivity, impulsivity, social 
(communication), repetitive behavior, cognition, neuropsychology, executive function, 
temperament, effortful control, at (high-)risk, early markers, infant, toddler, preschool. 
References given in the selected publications were screened for further relevant articles. 
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 As few studies with very young children have directly compared ASD and ADHD, we 
will also evaluate findings in ASD and ADHD separately. For our purpose, several study designs 
in very young children are of interest: 1) cross-sectional and longitudinal studies on the 
associations between autistic and ADHD traits or symptoms in community or clinical samples; 
2) cross-sectional and longitudinal studies on cognitive or temperamental characteristics in 
children who scored high on ASD and/or ADHD symptoms or who had a clinical ASD and/or 
ADHD diagnosis; and 3) prospective longitudinal studies in high-risk children (i.e., first degree 
relatives of individuals with ASD or ADHD) focusing on early behavioral, cognitive and 
temperamental signs.  
For research on the developmental antecedents of disorders, prospective longitudinal 
studies are the most informative. These may shed light on the continuities and discontinuities 
in the separate domains/characteristics and on their interactions. Here, prospective high-risk 
(HR) studies have additional advantages in highly heritable disorders such as ASD and ADHD. 
High-risk studies are based on children at familial risk for developing the condition. The study 
of HR siblings during the first years of life and before the onset of clinically diagnosable 
symptoms, may reveal primary processes leading to symptom emergence before these are 
confounded by compensatory/secondary mechanisms (M. H. Johnson et al., 2014). Moreover, 
studying at-risk siblings who continue to be unaffected might illuminate protective factors. 
HR studies require relatively small samples by ensuring high rates of the (precursor) core 
characteristics and of subclinical traits that may be present in relatives of individuals with ASD 
and/or ADHD. Ideally, a low risk group serves as control. We also included the few HR studies 
in ADHD, generally based on high ADHD scores in children’s fathers, even if the child’s own 
diagnostic status was unknown. Clinical studies also ensure high rates of the characteristics 
of interest, but do not provide direct information on the developmental antecedents prior to 
diagnosis and on subclinical traits, and may thus be subject to participant bias. Despite these 
limitations, clinical studies in young children, either cross-sectional or longitudinal, provide 
valuable and detailed information on the early core symptoms and related domains of 
impairment. Study designs in representative populations minimize the risk of participant bias, 
but require very large samples to ensure sufficient rates of the characteristics under 
investigation. To overcome this disadvantage population based “enriched” subsamples are 
currently used, resulting from enrolment after screening for the characteristics of interest. 
Retrospective study designs finally, in particular home video studies wherein blind 
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observations of film material has occurred, allow for the evaluation of naturally occurring 
behaviors long before diagnosis but are biased by non-standardized procedures (Yirmiya & 
Charman, 2010). In the absence of comparable studies in ADHD, we did not include 
retrospective home video studies in this review.   
This review is organized in subsections that focus on findings in the behavioral, 
temperamental and cognitive domains. We acknowledge that the frameworks we use for 
these domains may not exactly correspond with the traits and measures used in the reviewed 
literature, a limitation that we will consider when discussing the different domains. To better 
ensure comparability between studies, we therefore report on the results at item or sub-trait 
level if possible. For each behavioral, temperamental and cognitive domain we briefly 
describe the concepts on which we compare the disorders, summarize the ASD and ADHD 
literature, and then examine the overlap and specificity of findings. In the discussion, we first 
consider the implications of reviewed findings for theories on the early pathways of ASD and 
ADHD. Secondly, we discuss the challenges presented by the diverging research fields of ASD 
and ADHD and by the substantial developmental changes during early childhood. We 
conclude with recommendations for future research. 
 
2.2. Inclusion criteria 
To be included in this review, a study had to meet each of the following requirements: 
a) assessment of ASD and/or ADHD symptoms or traits, and ASD and/or ADHD symptoms 
have been defined using standardized instruments; b) assessment of participants younger 
than six years at the start of the study. Longitudinal studies following children beyond their 
seventh year and studies including older children were reviewed if data were reported 
separately for children up to seven years of age; c) assessment of correlates and predictor 
variables using standardized and validated measures; d) including community and/or clinical 
samples, and adopting a dimensional approach to autistic and/or ADHD traits or symptoms, 
or based on categorical ASD and/or ADHD diagnoses; and e) using cross-sectional or 
longitudinal designs. Studies on high-risk samples were only included if they reported on 
outcome data and/or included a low risk control group. Studies only based on retrospective 
data were excluded. 
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3. Core behavioral characteristics 
The co-occurrence of ASD and ADHD symptoms or traits in early childhood has been 
investigated using two different approaches, by examining either the pairwise associations 
between DSM-defined full diagnoses of ASD and ADHD, or the presence of symptoms or traits 
of ASD and/or ADHD in clinical or population based samples (see Table 1 in Appendix, for a 
summary of included studies).  
 
3.1. Co-morbidity between ADHD and ASD diagnoses  
The frequency of co-morbid ASD and ADHD diagnoses in children younger than 7 years 
old has only been investigated in ASD samples. Three of these studies have used parent 
questionnaires to confer DSM-IV based ADHD diagnoses (Gadow, DeVincent, Pomeroy, & 
Azizian, 2004; Lecavalier, Gadow, Devincent, Houts, & Edwards, 2011; Turygin, Matson, & 
Tureck, 2013), and one study has used parent reports of diagnosed ADHD or severe 
hyperactivity (Carlsson et al., 2013). In an ASD subgroup from a mixed clinical and special 
education sample of 3-5 year old children over 40% met criteria for ADHD (Gadow et al., 
2004), and in an early ASD intervention sample of 4.6-5.6 year old children 32% had diagnosed 
ADHD or severe hyperactivity (Carlsson et al., 2013). In comparison, an overall ADHD 
prevalence of just 4.5% was reported in the ASD subgroup - aged 2.1 years - from an early 
intervention sample (Turygin et al., 2013). Such varying ADHD reports may be explained by 
the age differences across studies, as it is known that ADHD symptoms become more manifest 
and better differentiable from normative behaviors after toddlerhood (Sonuga-Barke & 
Halperin, 2010). Further, studies differ as to whether more or less stringent criteria for ADHD 
were used. For example, in Turygin et al. (2013) parents rated their child’s ADHD symptoms 
in relation to same-aged peers, making judgements of whether the child was ‘‘different’’ or 
‘‘very different’’ from same-aged peers, instead of being based on the mere presence of 
ADHD symptoms (Gadow et al., 2004), or on previous ADHD diagnoses or severe hyperactivity 
(Carlsson et al., 2013). In addition, psychiatrically referred children with ASD (Gadow et al., 
2004) may show more severe psychiatric symptoms like ADHD than the ASD subsample of 
children referred to an early intervention program for children with a developmental delay in 
Turygin et al. (2013).  
Regarding the significance of co-morbid ADHD, it is unclear whether ADHD symptoms 
observed in ASD at young age refer to the same constructs as in typical ADHD without ASD. 
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To shed light on this issue the factor structure of ADHD symptoms in ASD was examined. In 
the abovementioned study with 3-5 year old children with ASD (Gadow et al., 2004), the 
hyperactive-impulsive factor of DSM-IV-defined ADHD loaded poorly on the ADHD syndrome 
(Gadow, DeVincent, & Pomeroy, 2006; Lecavalier et al., 2011). Poor loading of this factor may 
be due to underreport of the verbal hyperactivity-impulsivity items in young children with 
ASD (Lecavalier et al., 2011), but alternatively may indicate that ADHD inattention is more 
strongly associated with ASD (Lecavalier et al., 2011), and with social and language 
impairment (Gadow et al., 2006). Similarly, in a newly diagnosed sample of children with ASD 
aged 2-4 years, the highest scores among ADHD traits were found on attention problems. The 
underlying structure of this ASD phenotype that included co-occurring problems, consisted of 
two factors: a Behavior-Repetitive Problem factor and a Social Communicative Deficit factor 
on which both the Withdrawn and Attention scales loaded relatively high (Georgiades et al., 
2011). These findings suggest a phenotypic overlap between attention problems and the core 
domains of ASD, rather than co-morbidity between distinct conditions.  
 
3.2. Co-occurrence of ASD and ADHD symptoms or traits 
Co-occurrence of ADHD symptoms in ASD 
Clinical studies have investigated ADHD symptoms or traits in samples of young 
children with ASD by means of parent questionnaires. About 38% of children with an Autistic 
Disorder (AD) aged 1.5- 5.8 years (Hartley, Sikora, & McCoy, 2008), and 17% of children with 
AD and pervasive developmental disorder (PDD-NOS) aged 2.5-5 years (Snow & Lecavalier, 
2011) had clinical scores for attention problems on the Child Behavior Checklist (CBCL 1 ½ -5; 
Achenbach & Rescorla, 2000). Using the Baby and Infant Screen for Children with autism 
traits-part 2 (BISCUIT-part 2) (Matson et al. 2009a,b) others have looked for co-occurring 
ADHD behaviors in ASD among children aged about 1-3.2 years from an early intervention 
sample of children with developmental delays (DD) including ASD (Fodstad, Rojahn, & 
Matson, 2010; Horovitz & Matson, 2015; Matson, Fodstad, Mahan, & Sevin, 2009; Matson, 
Hess, & Boisjoli, 2010; Matson, Neal, Fodstad, & Hess, 2010; Tureck, Matson, May, & Turygin, 
2013). Moderate to severe problems in the composite domain of inattention-impulsivity and 
tantrum-conduct behavior (containing 6 items corresponding to the DSM-IV hyperactivity and 
impulsivity domains) were present in more than 50% of the ASD group (Matson, Fodstad, & 
Mahan, 2009). Inattention-impulsivity and tantrum-conduct behavior were more frequent 
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and severe in the ASD than in the non-ASD delayed subgroup with effect sizes of .59 (p<.001) 
and of .14 (p<.001) respectively (Fodstad et al., 2010), and were associated with autism 
severity (Matson, Mahan, Hess, & Fodstad, 2010; Tureck, Matson, Cervantes, & Turygin, 
2015). The strongest association was for co-occurring Concentration Problems, suggesting a 
more specific link of ASD with problems in attention. However, there was no effect of autism 
severity on rates of attention/ADHD problems in a sample of children with AD aged 1.5-5.8 
years (Hartley et al., 2008), and in another 2.5-5 year old sample of children with ASD (Snow 
& Lecavalier, 2011). Here, absence of effect of autism severity may be explained by the very 
homogeneous composition, i.e., low variance of autism severity, of the last two samples 
(Hartley et al., 2008; Snow & Lecavalier, 2011).  
Similarly as for ASD and ADHD diagnoses, age effects were found on the co-occurrence 
of ASD and ADHD traits. Analyses by age group in an early intervention sample including 
children with ASD, indicated lower rates and severity of co-morbid inattention-impulsivity 
problems in the younger subgroups aged about 1-2 years, compared to the older subgroups 
aged between 2-3.2 years (Fodstad et al., 2010; Horovitz & Matson, 2015). Age differences 
were not found in those with non-ASD related atypical development who, from the youngest 
age group, showed fewer co-morbid problems. This may indicate that ASD and ADHD 
behaviors reinforce each other and/or alternatively, that risks for ASD and for ADHD are 
linked. An age-related increase in observed ADHD behaviors was also found in a large 
multisite ASD sample where parents reported significantly fewer ADHD symptoms (measured 
with the DSM oriented CBCL-ADH problem scale, but not when measured with the more 
concise CBCL-Attention-Problem syndrome scale) in preschoolers aged 2.5-5 years than in 
school aged children and adolescents (Sikora, Vora, Coury, & Rosenberg, 2012). Variations in 
frequency of ADHD problems across studies might further be explained by differences 
between questionnaires, i.e. those with a narrow versus broad focus on ADHD and related 
behaviors, and by differences in the composition of the samples, i.e., AD, ASD, and ASD with 
DD.  
 Variations in co-occurring ADHD problems in children with ASD might also be related 
to IQ. This hypothesis warrants consideration because IQ, to a larger extent than autism 
severity, may contribute to high levels of inattention and impulsivity, a finding reported in 
adolescents with ASD (Simonoff et al., 2013). Also in 1.5-5.8 years old children with AD, non-
verbal cognitive ability and low expressive language were the strongest predictors of 
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symptoms of inattention and impulsivity in 1.5-5.8 years old children with AD (Hartley et al., 
2008). Overall developmental quotient (DQ) had no significant effect on co-occurring 
problems when severity of autism was controlled for in two studies based on an younger early 
intervention sample of about 1-3.3 year olds with DD including ASD, although children in the 
low DQ category scored significantly higher on these problems (Fodstad et al., 2010; Matson, 
Mahan, et al., 2010). Of note, DQ included a broad range of developmental skills partly 
overlapping with ASD impairments and assessed via a parent questionnaire in the latter two 
studies, which cannot be equated to IQ. In sum, the findings suggest that ADHD problems 
increase with (preschool) age and are most prevalent in children with more severe ASD and 
lower IQ.  
 
Co-occurrence of ASD symptoms in ADHD 
Less is known about the reverse issue, the co-occurrence of core autistic symptoms or 
traits in young children with ADHD. It appears less common in ADHD research in preschoolers 
to report on co-occurring ASD symptoms. For example, in a study of children with ADHD 
nearly 25% presented with communication problems and ADHD severity was modestly 
associated with the CBCL 1 ½ -5 Withdrawn domain (r= 0.30, p< 0.001) (K. Posner et al., 2007), 
but a possible link of these problems with ASD was not tested. Nevertheless, several studies 
with preschoolers did examine global social functioning in ADHD and found lower social 
competence and more social problems (effect sizes >1.0) in both a clinical sample of 3 to 5 
years old children with ADHD (DuPaul, McGoey, Eckert, & VanBrakle, 2001) and in two 
population based samples of about 4 year old children scoring high on ADHD symptoms 
(Julvez, Forns, Ribas-Fito, Torrent, & Sunyer, 2011; Thorell & Rydell, 2008). In the latter study 
the social difficulties consisted of low pro-social orientation (i.e. ability to engage in positive 
peer interactions) but not of low social initiative (i.e. ability to initiate and take part in social 
interactions), possibly because poor social initiative is more related to internalizing problems, 
whereas increased social initiative may also reflect inhibition difficulties that often go with 
ADHD (Thorell & Rydell, 2008). In conclusion, aforementioned results are mainly indicative of 
increased occurrence of global (social) adaptive problems in relation to ADHD 
symptomatology, which problems also occur in the context of a broad range of other 
conditions.  
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Co-occurrence of ASD and ADHD traits in population samples 
Because similar etiologic factors seem to operate along the continuum of severity of 
ASD and/or ADHD, it is crucial to also examine subclinical traits of ASD and ADHD and their 
associations in young population samples. To our knowledge, there is only one population 
based study that looked at the associations between ADHD behaviors and ASD traits at an 
early age: in a sample of 2 year old twins lower associations between ASD traits and ADHD 
behaviors based on DSM oriented scales of the CBCL 1 ½-5 (r=.23-26) were found than has 
been reported in older ages (r=.54-.57 and 0.72, respectively) (Ronald, Edelson, Asherson, & 
Saudino, 2010); moreover, the extent to which genetic influences were shared between the 
ASD and ADHD scales was modest (genetic correlation estimate of r=.27) (Ronald, Edelson, et 
al., 2010), which is also less than reported in older children (r=.54-.57) (Ronald, Simonoff, 
Kuntsi, Asherson, & Plomin, 2008). These age related discrepancies may partly be explained 
by the less reliable measurement of ASD and ADHD behaviors in 2 years old children, as it is 
likely that many target behaviors might not yet be discernable at this age. Further, the 
relatively low phenotypic and genetic correlations may also be due to the aggregation of 
ADHD domains into one factor, a method that ignores eventual domain-specific associations.  
 
3.3. Summary 
The co-occurrence of ADHD diagnoses in young children at high risk for ASD and/or with ASD 
varies widely from less than 5% up to 40%. Co-occurrence rates were higher in children aged 
3-6 years than in younger children (about 2.1 years of age), higher for inattention problems 
than for hyperactivity-impulsivity (but note that ratings of hyperactivity-impulsivity, 
particularly the verbal items, might be less reliable at young age), higher in clinical compared 
to population samples, higher in children with lower IQs than higher IQs and higher in studies 
that have used less stringent criteria for ADHD. Research on the co-occurrence of ASD- and 
ADHD traits indicates that between 17% and 50% of children with ASD show moderate to 
severe/clinical range ADHD-related behaviors and that these behaviors increase with age and 
autism severity, in line with findings on co-occurring diagnoses. The amount and severity of 
ADHD problems in children with ASD seem further related to lower IQ. The shared genetic 
influences on ASD and ADHD symptoms were also moderated by age such that the genetic 
correlation estimate was weaker in children aged 2 years in comparison to older children. In 
addition, the data show that among ADHD domains attention problems are most strongly 
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associated with ASD domains and increase with severity of ASD and to a lesser extent with 
lower IQ, (Tureck, Matson, Cervantes, et al., 2015). Such concurs with results based on DSM-
oriented ADHD criteria, that show stronger associations between ADHD-inattention and 
social- and language/communication deficits (Gadow et al., 2006; Lecavalier et al., 2011). 
Associations between ASD and hyperactivity-impulsivity were weaker, but ratings of 
hyperactivity-impulsivity might be less reliable at young age. This would accord with the age-
related increase in hyperactivity-impulsivity scores in ASD during preschool years and also 
with the lack of associations between observed activity at 1 year and later ADHD (P. Johnson 
et al., 2014). The few studies in preschoolers with ADHD on social and communicative 
competence lack the necessary specificity to allow drawing any conclusions on core autistic 
symptoms in ADHD. The presentation of ADHD behaviors in ASD is more specific, but the data 
still raise questions about the similarity in constructs of ADHD behaviors in ASD versus ADHD. 
We will return to these questions in the discussion.   
 
4. Temperament 
Temperament traits can be defined as constitutionally based individual differences in 
the domains of activity, affectivity, attention, and self-regulation that are the product of 
interactions among genetic, biological, and environmental factors across time (Shiner et al., 
2012) and can be linked to neurobiological systems (Karalunas, Geurts, Konrad, Bender, & 
Nigg, 2014; M. I. Posner, Rothbart, Sheese, & Voelker, 2012; Rothbart, Sheese, Rueda, & 
Posner, 2011). The traits emerge early during development, are relatively stable and show a 
normal distribution in the population. Theoretically, temperament traits may be represented 
along a spectrum with ASD and/or ADHD, or as characteristics able to modify the presentation 
and outcome of ASD and/or ADHD. In accordance with a spectrum or common cause model 
temperament represents the subclinical manifestation of psychopathology and reflects a 
similar underlying structure as normal range behavior (Nigg, 2006). From this viewpoint, 
temperament traits during early development may reflect increased risk for psychopathology 
or - at the extreme - may be identical to psychopathology (Egger & Angold, 2006). According 
to the vulnerability/moderator of outcome model, temperament traits contribute to the 
heterogeneity in presentation and outcome of psychopathology (Nigg et al., 2004). Although 
the two models imply strong concurrent associations between temperament and 
psychopathology, the vulnerability model also implies that temperament moderates the 
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course of psychopathology (Martel, Gremillion, Roberts, Zastrow, & Tackett, 2014). 
Temperament can be framed in higher order patterns, that are composed of a diversity of 
more refined sub-traits which may be indexed at the behavioral, emotional, neural, 
physiological and/or genetic level (Nigg, 2006). Most temperament frameworks converge on 
the prominence of three basic traits (Martel, Gremillion, & Roberts, 2012; Nigg, 2006): 
withdrawal/negative affect referring to anger, sadness, and fear; approach/surgency 
referring to high positive emotions, engagement with the environment, high activity and 
impulsivity (and perceptual sensitivity in infants), and lastly effortful control (EC) referring to 
attentional focus/shifting/duration of orienting, inhibitory control and low-intensity pleasure. 
The forerunner of EC in infancy that differs conceptually from EC at older ages is labelled as 
orienting/regulation and includes soothability (speed of recovery from distress) and 
cuddliness (desire for warmth and closeness with others/enjoyment in and moulding of the 
body to caregiver) (Gartstein & Rothbart, 2003). This temperament EC/regulation domain is 
related to early emerging executive function (Jones et al., 2014; Rothbart, Ellis, Rueda, & 
Posner, 2003; Rothbart et al., 2011).  
 
4.1. Temperament in ASD  
Approach/surgency in ASD 
Approach/surgency, either as composite temperament trait or as its components 
approach, activity and positive affect/mood, has been examined in seven studies conducted 
in infancy and preschool ages in relation to current or later ASD diagnosis or traits (Table 1). 
As expected in ASD, low approach/positive anticipation is a consistent finding from 2 years 
onward: in an ASD group aged 3-7 years compared to a development delay and typical control 
group (Brock et al., 2012), in 2 and 3 years old HR siblings with a later ASD (HR-ASD) in 
comparison to HR siblings without later ASD (HR non-ASD) (Del Rosario, Gillespie-Lynch, 
Johnson, Sigman, & Hutman, 2014), and in a 2 years old HR-ASD group in comparison to a low 
risk group (Zwaigenbaum et al., 2005). A low Behavioral Approach profile, representing low 
positive anticipation, low attentional shifting and high level of non-goal-oriented activity, 
characterized a 2 year old HR-ASD group; of note, the HR non-ASD siblings who did not 
develop ASD and who also represent the broad autism spectrum (BAP), were rated as higher 
on Behavioral Approach than the HR-ASD and even low risk control groups (Garon et al., 
2009), which may suggest that this high approach profile has a protective effect in the HR 
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siblings. High levels of shyness (i.e., inhibition of approach in situations involving novelty) 
were associated with social impairments on the Social Responsiveness Scale (SRS; 
Constantino, 2002) in a 3 years old population sample (Salley, Miller, & Bell, 2013). Striking is 
that in the first year on the contrary, higher approach was generally found: in 6 months old 
HR-ASD versus HR non-ASD siblings; of note, this approach factor referred to both social and 
non-social stimuli and is thought to represent low inhibition rather than high social interest 
(Del Rosario et al., 2014). Similarly, higher surgency was reported at 7 months but no longer 
at 2 and 3 years of age in a HR-ASD group versus a HR non-ASD group; here, surgency rates 
were probably driven by high perceptual sensitivity at 7 months, an item included in surgency 
during infancy (Clifford et al., 2013; Gartstein & Rothbart, 2003).  
For activity, the pattern also changed around the second year: first, decreased activity 
levels were reported in three studies at 6 months (and 1 year) of age in children with later 
ASD traits (Bolton, Golding, Emond, & Steer, 2012), and in HR-ASD in comparison to HR non-
ASD siblings and low risk controls (Del Rosario et al., 2014; Zwaigenbaum et al., 2005). From 
the age of 2 years however, activity levels were no longer decreased in those with ASD (traits) 
and even reversed in the Bolton (2012) study where high activity levels at 2 years predicted 
autistic traits. Similarly, activity (without goal) was higher in 2 years old HR-ASD versus HR 
non-ASD and low risk groups (Garon et al., 2009), and in older preschool children with ASD 
(Brock et al., 2012). In contrast, low activity and low impulsivity (i.e. speed of response 
initiation) at age 3 and 4 years were associated with higher impairment on the SRS in a 
population sample (Salley et al., 2013). In the latter study low activity also referred to 
passivity/low reactivity to the environment, which may explain the discrepant findings.  
Positive affect finally, included in the surgency/approach dimension was decreased in 
HR-ASD in comparison to HR non-ASD and low risk children at 1 year (Zwaigenbaum et al., 
2005), and in comparison to low risk children at 2 years in HR versus low risk groups (Clifford 
et al., 2013; Garon et al., 2009). This is in accordance with reduced frequency and duration of 
smiling that has been demonstrated in 1 and 1.5 year old HR-ASD siblings (Filliter et al., 2014) 
and in accordance with reduced soothability and high discomfort in older children 
(Konstantareas & Stewart, 2006). 
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Negative affect in ASD 
In six out of eight studies in ASD looking at temperament negative affect this trait was 
associated with autism. High levels of negative mood predicted autistic traits at 6 months and 
2 years in a large population sample (Bolton et al., 2012); and high negative affect respectively 
low positive affect differentiated a HR 2 years old group with later ASD from a HR non-ASD 
outcome and low risk group (Clifford et al., 2013; Garon et al., 2009). Likewise, intense distress 
reactions, a component of negative affect, distinguished a HR-ASD from a HR non-ASD group 
at 1 year (Zwaigenbaum et al., 2005). A mixed temperament profile characterised by 
irritability, intolerance of intrusion, regulatory difficulties and including proneness to distress/ 
negative affect, was found in a case study with 9 HR infants who later developed ASD; in 3 of 
them these temperamental difficulties were already present at 6 months and became more 
evident with the later emergence of ASD symptoms (Bryson et al., 2007). Similarly, in a 
population sample discomfort (i.e., negative affect related to sensory qualities of stimulation) 
at age 2 years accounted for nearly 60% of the variance in social responsiveness, and higher 
fear level at age 3 years and sadness level at 4 years, were associated with stronger 
impairment on the SRS (Salley et al., 2013). Others did not find differences in negative 
affect/mood in HR-ASD compared to HR non-ASD at ages 6 months, 2 and 3 years (Del Rosario 
et al., 2014) and in a 3-7 years old sample with ASD (Brock et al., 2012). Of note, smaller 
between-group differences can be expected when HR-ASD siblings are compared with HR 
non-ASD siblings as in (Del Rosario et al., 2014) instead of comparison with typical controls as 
in the other studies. Further, the latter two studies used the Carey Temperament Scales (CTS) 
based on the Thomas and Chess approach of temperament, that differs from scales based on 
related but distinct theoretical approach of Rothbart and colleagues used in the other studies 
(i.e., the Infant-/Early Childhood Behavior Questionnaires; IBQ/ECBQ). The latter scales seem 
to show higher stability over time and more stable internal consistency (Del Rosario et al., 
2014).  
  
Effortful control in ASD 
Among the seven studies in ASD on effortful control (EC) and its infant counterpart 
orienting/ regulation six did find impairments in relation to ASD. Lower EC differentiated the 
HR-ASD from the HR non-ASD and low risk groups at 1.2 year and at 2 years of age, an effect 
that was accounted for by low cuddliness at this age (Clifford et al., 2013). By age 2 years, 
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lower levels of low intensity pleasure, referring to quiet (social) activities, further 
differentiated this HR-ASD group from the other groups (Clifford et al., 2013). High persistence 
and low distractibility at 6 months of age predicted ASD traits, and high persistence at 2 years 
also predicted ASD diagnosis (Bolton et al., 2012). Similarly, low distractibility distinguished 
an ASD group from a typical- and developmental delayed group at age 3-7 years, and was 
associated with sensory hypo-responsiveness (Brock et al., 2012). Others, who compared a 
HR-ASD group with a HR non-ASD group found overlapping rates of distractibility and 
persistence (6 measurements between the ages of 6 months and 3 years) (Del Rosario et al., 
2014), suggesting that HR children who will not develop ASD are similar in these domains to 
those who will develop ASD. In the domain of shifting, low disengagement of attention at 1 
year of age (Zwaigenbaum et al., 2005) and low shifting of attention at 2 years (Garon et al., 
2009) differentiated the HR-ASD group from the HR non-ASD and low risk control groups. In 
the latter study, low score on a composite Effortful Emotion Regulation profile (representing 
effortful attentional and emotional control) further distinguished the whole HR group from 
controls, although low attentional focus distinguished the HR-ASD group from the HR non-
ASD and low risk control group (Garon et al., 2009). Also at age 4 years, low attention shifting 
was associated with social-communicative impairments on the SRS in a population sample 
(Salley et al., 2013). The three studies reporting on inhibitory control have found impairments: 
by age 2 year in a HR-ASD group (Zwaigenbaum et al., 2005) and in HR versus low risk children 
(Clifford et al., 2013), and by age 4 years in a population sample where low inhibitory control 
was associated with social-communicative impairments on SRS (Salley et al., 2013). These 
findings suggest that poor inhibition is a common feature of ASD and ADHD, although the 
data lack specificity to draw definite conclusions. We return on this issue when we discuss the 
cognitive data.  
 
4.2. Temperament in ADHD 
Approach/surgency in ADHD 
In ADHD, high levels of approach/surgency is a consistent finding in the five studies conducted 
with infants and/or preschoolers (Table 1). In the youngest sample, with 7 months old boys 
at familial risk for ADHD (fathers scoring high on ADHD symptoms, but ADHD status of child 
unknown) high activity level among other traits differentiated the HR from the comparison 
group (Auerbach, Atzaba-Poria, Berger, & Landau, 2004), and continued to differentiate the 
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groups at 1 and 2.1 years (Auerbach et al., 2008). Surgency was positively correlated with 
hyperactivity-impulsivity and with inattention in 3-6 year old children high on ADHD 
symptoms (Martel et al., 2012; Martel et al., 2014), and in 3-5 years old children over-
recruited for ADHD symptoms (Miller, Miller, Healey, Marshall, & Halperin, 2013). However, 
the association of surgency with inattention was less strong and even negative associations 
appeared when covariance between disruptive behavior symptoms, i.e., ADHD and 
Oppositional Defiant Disorder (ODD) symptoms, was controlled for (Martel et al., 2012). In 
the same line, surgency did not predict ADHD symptoms (Martel et al., 2014) and a factor 
derived from surgency that comprised impulsivity and high intensity pleasure, predicted 
hyperactivity but not inattention at one year follow up (Miller et al., 2013). These findings 
suggest that the low predictive power of surgency for ADHD symptoms was largely accounted 
  
 
Table 1. Summary of findings on temperament in children with (traits of) ASD or ADHD.  
 6-11 months 1-2 years  2-3 years 3- 4 years 4-5 years  
Temperament dimension ASD ADHD ASD ADHD ASD ADHD ASD ADHD ASD ADHD 
APPROACH/SURGENCY        
Composite score ↑2,3*b  ↓2  ↓2,3*ns12                         ↓3*                       ↑9        ↑9 
Activity                                                                         ↓1,3*,5      ↑7,8 ↓3* ↑8 ↑1,4 ↑8 ↑6 ↓12 e  ↑6↓12 e   
Perceptual sensitivity ↑2 ns7 ↑2 ns7  ns7     
High intensity pleasure ↓2       ↑10  ↑10 
Positive affect    ↓2  ↓4      
Positive anticipation/ 
non-shyness a 
    ↓4 c   ↓6  ↓6  
Impulsivity       ↓12 e                           ↑10 ↓12 e                ↑10 
NEGATIVE AFFECT 
Composite score ns3*  ns3*  ns3*↑12  ns3* ↑9,11                  ↑9 
Sadness/shyness a 
fear  
↑1  
ns7 
  
ns7 
↑1,2,4 
ns12 
↑8 
ns7 
 
↑12 
 
 
↑12 
↑12 
 
 
Anger  ↑7  ↑8 ↑4                  ↑8     
Distress/ discomfort reactions        ↑13 ↑5  ↑12       
EFFORTFUL CONTROL 
Composite score   ↓2  ↓2 ns12  ns12 ↓9,10                      ↓9,10   
Persistence/ non-distractibility  
Vigilance/ interest (ADHD) 
↑1 ns3*   
            
 
↓7d, 8 
ns3* 
               
 
↓8 
↑1 ns3*                      
↓8  
    
Cuddliness   ↓2  ↓2      
Low intensity pleasure     ↓2      
Attention shifting                    ↓8   ↓5                    ↓8   ↓4,5  ↓12  ↓12  
Control of attention     ↓4                    ↓8       
Inhibitory control      ↓4,5                    ↓8,14   ↓12 e                 ↓13   ↓12 e  
 Key: ASD = high scores on questionnaires or ASD diagnosis (at 3 years or older) or, high risk children (HR) who later received a diagnosis ASD  
 ((HR-ASD); ADHD = high scores of ADHD symptoms on questionnaires or in a few studies clinical diagnoses; 3*: in study 3 (Del Rosario et al 2013) 
HR-ASD were only compared to HR non-ASD without low risk group; a : shyness: is component of negative affect in infants and toddlers, and 
component of approach/surgency in preschoolers and older; b : High approach in infancy in study 3 referred to social and non-social stimuli (=low  
inhibition);  c  : in study 4 high positive anticipation was found in HR non-ASD; d :↓interest = duration orienting and manipulation of objects; e :  
Lower activity and -impulsivity (=lower approach and lower response speed) associated with more social impairments. Empty cells: not tested. 
 1 Bolton et al., 2012; 2 Clifford et al., 2013; 3 Del Rosario et al., 2013; 4 Garon et al., 2009; 5 Zwaigenbaum et al., 2005; 6 Brock et al., 2012;  
 7 Auerbach et al., 2004; 8 Auerbach et al., 2008; 9 Martel et al., 2012; 10 Miller et al., 2013; 11 Healey et al., 2011; 12 Salley et    al., 2013; 13    
 Dougherty et al., 2011; 14 Gagne et al., 2011. 
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for by the concurrent associations with ADHD symptoms, and that these associations were 
weaker with inattention.  
 
Negative affect in ADHD 
The five studies looking at negative affect/emotionality in relation to ADHD have 
consistently found high levels on this trait, both in infancy and at preschool age. In 7 months 
old boys at low versus high familial risk for ADHD (fathers scoring high on ADHD symptoms; 
diagnostic status child unknown), higher anger reactivity differentiated the HR from the low 
risk group; notably, this only applied to undirected anger, in contrast to directed anger which 
supposes a cognitive component involving a form of control (Auerbach et al., 2004). High rates 
of anger still differentiated the HR boys at 1 and 2.1 years (Auerbach et al., 2008). In three 
other studies with preschoolers over-recruited for ADHD at 3-6 years and 3-4 years of age 
respectively, higher scores on the composite negative emotionality scale were associated 
with all ADHD domains (Martel et al., 2012; Martel et al., 2014), and with severity of ADHD 
symptoms (Healey, Marks, & Halperin, 2011). When covariance between traits was accounted 
for, negative emotionality was differentially associated with hyperactivity-impulsivity but not 
with inattention (Martel et al., 2012), and did not predict one-year change in either ADHD 
domain (Martel et al., 2014). The low predictive power of negative emotionality and weaker 
associations with inattention than with hyperactivity is in line with the findings for surgency.  
 
Effortful control in ADHD 
The seven studies reporting on EC in relation to ADHD have all found impairments in 
overall EC or in its components. In the youngest sample, children at familial risk for ADHD 
(ADHD scores of their fathers; ADHD status of child unknown) demonstrated lower levels of 
interest, i.e. shorter duration of orienting to- and manipulation of objects at 7 months, and 
lower levels of purposefully shifting of attention at 7 months and 1 year of age (Auerbach et 
al., 2004; Auerbach et al., 2008). At 2.1 years these difficulties also included weak focusing 
and sustaining of attention (Auerbach et al., 2008). Five studies have examined the 
associations of EC with ADHD symptoms in the child. It was found that lower inhibitory control 
was associated with ADHD- and behavior problems in a population sample of 2 year olds 
(Gagne, Saudino, & Asherson, 2011) and in a population sample of 3 year olds where low 
inhibition was the only observed temperament trait associated with ADHD (based on an 
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extensive interview) (Dougherty et al., 2011). On a composite EC factor high scores were 
associated with all ADHD domains in children over recruited for ADHD (age about 3-6 years) 
(Martel et al., 2012; Miller et al., 2013), but see (Martel et al., 2014) where EC was only 
associated with hyperactivity-impulsivity. Further, EC did not predict one-year change of 
ADHD symptoms (Martel et al., 2014), suggesting that EC does not independently determine 
onset or course of ADHD during early childhood. Others found that high levels on the latent 
cognitive control factor, composed of temperament EC and executive function components, 
predicted fewer symptoms in all ADHD domains at one year follow up, even when controlled 
for baseline levels of ADHD symptoms (Miller et al., 2013). This suggests that addition of 
executive function measures to EC increases the otherwise low predictive power of EC. In 
addition, EC and negative emotionality interacted such that low EC was associated with ADHD 
severity regardless of level of negative emotionality, but that in a context of high EC high 
negative emotionality too was associated with ADHD severity. This suggests that EC might be 
a primary pathway for ADHD and negative emotionality a secondary pathway (Martel et al., 
2012).  
 
Temperament and genetic factors in ADHD  
The contribution of genetic factors on the temperament-psychopathology 
associations has been examined in two studies in ADHD with no equivalent in ASD. In one 
study, regulatory problems as temperament based measure at 3 months of age, combined 
with genetic risk (defined as the presence of the dopamine D4 receptor-7 repeat allele) 
increased the risk for ADHD at 11 years of age (Becker et al., 2010); neither regulatory 
problems nor genetic risk independently produced this effect. Of note, the regulatory 
problems comprised a broad range of behaviors, i.e., irritability (including dysphoric, irritable 
and hypersensitive behavior) as well as hypo-activity (including apathetic and hypo-reactive 
behavior), which behaviors are related to items falling under the surgency and negative affect 
domains in the Infant Behavior Questionnaire (IBQ) (Rothbart, 1981; Gartstein & Rothbart, 
2003), and also comprised sleeping- and eating problems. Focusing on inhibitory control, 
others found that the variance in inhibitory control and ADHD symptoms in 2 years old twins 
was explained by common genetic influences and, to a lesser extent, by non-shared 
environmental influences (Gagne et al., 2011).  
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4.3. Summary temperament in ASD and ADHD 
On Approach/surgency, high levels have been consistently found in HR-ASD siblings in 
the first year, followed by low levels from the age of 2 years, with HR non-ASD siblings showing 
a high behavioral approach profile at 2 years (Garon et al., 2009). Examination at item level 
indicates that high approach in the first year was mostly accounted for by increased non-
social interests, perceptual sensitivity and/or low inhibition instead of social approach. For 
activity, the reverse pattern was found, such that high (non-goal directed) activity levels were 
found from age 2 years in HR-ASD siblings or children high in autistic traits (but see Salley et 
al. 2013, where low activity at 3-4 years referred to passivity), preceded by low activity in the 
first year. In relation to ADHD, high surgency was consistently found: in the first through 
second year it was associated with familial risk for ADHD, and from 3 years of age with ADHD 
symptoms, although to a lesser extent with inattention.  
High negative affect/emotionality was a consistent finding in relation to both ASD and 
ADHD. From around 6 months of age, increased negative mood, at 1 year increased distress 
reactions, and from 2 years discomfort related to quality of sensory stimuli, shyness, sadness 
and fear are reported in those children with a later ASD or with ASD traits. In ADHD, in the 
first through second year high anger reactivity, specifically undirected anger, is associated 
with familial risk for ADHD. At age 3-5 years, associations between high scores on the 
composite negative affect trait and ADHD symptoms is a consistent finding. Thus, although 
high negative affect is a shared characteristic of ASD and ADHD, there is some dissociation in 
the content of this trait in ASD versus ADHD. In ASD, distress, shyness, fear and sadness seem 
to prevail whereas in ADHD anger prevails, which may suggest that negative affect points to 
different underlying mechanisms in ASD versus ADHD. 
In both ASD and ADHD, deficits in effortful control (EC) are consistently found. In ASD, 
EC problems like low distractibility, high persistence, low disengagement and shifting of 
attention and higher attentional focus are already reported in the first 2 years of age (in 
contrast, HR non-ASD siblings tended to score low on attentional focus at 2 years in Garon et 
al.,2009), and problems with inhibitory control by the age of 2 years. In relation to ADHD, 
findings suggest that already in the first year low EC can be observed in children at familial 
risk for ADHD, reflected as low persistence/high distractibility and as low purposefully shifting 
of attention that are followed by low attentional- and inhibitory control from the age of 2 
years. From age 3-6 years, overall low EC and specifically low inhibition is associated with 
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ADHD symptoms. Temperament at this age did not independently predict ADHD course, but 
EC predicted ADHD when combined with executive functioning.  
 
5. Cognition: executive function  
Cognition is a general term for the mental processes involved in gaining meaning and 
knowledge from information and selecting appropriate responses in order to adapt flexibly to 
the ever changing environments. Both higher-order and more basic functions are involved in 
cognition with largely known neuronal underpinnings that are etiologically linked to- and may 
alter- development, such as information processing and executive function (EF) (Johnson, 
2012; Keehn, Muller, & Townsend, 2013; Russo et al., 2007; Sonuga-Barke, Sergeant, Nigg, & 
Willcutt, 2008). Given the broad range of processes involved in EF, not surprisingly both ASD 
and ADHD are associated with cognitive dysfunctions. Nevertheless, research indicates that 
large variations exist in type and severity of dysfunctions between affected individuals 
(Charman et al., 2011; H. Geurts, Sinzig, Booth, & Happe, 2014; Hill, 2004; Johnson, 2012; 
Nigg, Willcutt, Doyle, & Sonuga-Barke, 2005; Rommelse et al., 2011) and that EF is only 
moderately predictive of the core symptom domains (Johnson, 2012). In this light, EF involves 
processes that cut across disorders and that may help to understand the unique and shared 
characteristics of ASD and ADHD. As research on EF in in young children with ASD or ASD traits 
is limited in contrast to ADHD, we also briefly refer to temperament effortful control findings 
in ASD in this paragraph.  
Executive function (EF) is an umbrella term for neuropsychological functions that 
involves the domains of working memory, inhibition and cognitive flexibility (shifting). 
Research on EF in ASD and in ADHD has mostly used these domains and a few studies have 
used composite EF domains (Appendix. Table 2). 
  
5.1. Executive function in ASD.  
Two of the four studies looking at composite EF domains in relation to ASD, have found 
no impairments in comparison to typical children and children with developmental delay at 
2.9 years (Yerys, Hepburn, Pennington, & Rogers, 2007) and at 3-4 years of age relative to 
typically developing children matched on mental age (Dawson et al., 2002). The other two 
studies have found impairments in all EF domains at the ages of 4.4 years (Smithson et al., 
2013) and 5-7 years (Rosenthal et al., 2013). These discrepancies probably come from 
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differences between studies in age of the samples and method of measurement. At the 
younger age of the Dawson et al. (2002) and Yerys et al. (2007) samples, current 
neuropsychological tests might not be sensitive enough to detect EF dysfunctions. 
Alternatively, EF undergo substantial developmental changes in early childhood and may then 
be poorly differentiable from normative variations in maturation of these functions (Pauli-
Pott & Becker, 2015). Another explanation for the discrepancies is the type of comparison 
group. In Dawson et al. (2002) the ASD group was compared to a MA-matched delayed group 
and a MA-matched group which included children who were probably too young for the tests 
(1-3.8 years versus 3-4 years in the ASD group). However, another study in ASD using 
appropriate comparison groups i.e., a developmental delay group matched on both CA and 
overall MA, and a CA-matched group (Yerys et al., 2007) also failed to detect EF deficits in ASD 
relative to both comparison groups. Of note, this sample was still younger (mean age 2.9 
years) than the ASD sample of Dawson et al. (2002), which calls into question the 
developmental appropriateness of the EF tests. This may also explain why EF impairments 
were found in the two studies that used a questionnaire (BRIEF; (Gioia, Isquith, Guy, & 
Kenworthy, 2000) measuring other EF aspects than neuropsychological tests (Rosenthal et al., 
2013; Smithson et al., 2013). Although EF were not associated with ASD status in Dawson et 
al (2002), several EF tasks were associated with joint attention performance, suggesting that 
EF are required for joint attention abilities. In the same line, EF (including planning, cognitive 
flexibility, and inhibitory control) in children with ASD aged 4-7 years predicted theory of mind 
(ToM) ability about three years later over and above the variance by age, cognitive ability, 
and children’s initial ToM performance; the reverse did not apply i.e., there was no 
independent relationship between children’s initial ToM skills and later EF (Pellicano, 2010), 
suggesting that EF develop primarily to ToM skills. This has been found in typical developing 
preschoolers as well (Muller, Liebermann-Finestone, Carpendale, Hammond, & Bibok, 2012). 
 
Working memory in ASD 
Working memory (WM) has been investigated in 6-9 months old infants siblings at risk 
for ASD using a peekaboo game that differentiated between social versus non-social targets. 
The HR-ASD siblings showed better WM for non-social targets (and same WM for social 
targets) in comparison to low risk siblings (Noland, Steven Reznick, Stone, Walden, & 
Sheridan, 2010). At older age, impaired WM (according to a parent questionnaire for EF) was 
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found in a sample of children with ASD; in the sample that was split into four age groups 
between 5-7 years and 14-18 years, impairments were significantly higher in the older age 
groups even after controlling for IQ and ASD severity (Rosenthal et al., 2013). 
 
Inhibition in ASD 
To our knowledge, the only study on inhibition in young children has been conducted 
with high functioning children with ASD (mean age 4.9 years); no differences were found on 
a Stroop-like inhibition task but more impairments in inhibitory self-control on an EF 
questionnaire, relative to typically developing children (Jahromi, Bryce, & Swanson, 2013). 
Further, the composite EF inhibition score (inhibition task and inhibitory self-control on 
questionnaire) explained most variability in emotion regulation above and beyond other 
dimensions of self-regulation, and predicted emotional and school engagement. Because of 
the limited data on the EF domain of inhibition in young children with ASD (traits), and the 
relatedness between temperamental effortful control (EC) and EF (Nigg, 2006), we also briefly 
report on research using these related temperamental traits. In the above sample of children 
with high functioning ASD, temperamental EC emerged as potential protective factor for pro-
social peer engagement in the ASD group only (Jahromi et al., 2013). Low temperamental 
inhibitory control was found in 2 years old HR siblings (Zwaigenbaum et al., 2005), specifically 
in HR-ASD siblings (Garon et al., 2009), and at age 4 years this trait was associated with 
concurrent impairments in social orientation and communication using the SRS (Salley et al., 
2013). On the EC subscale Attentional Focus/Duration of Orienting, longer duration of 
orienting to objects at 6 months and 1 year of age, and reduced attentional shifting at 2 years 
of age were found (Zwaigenbaum et al., 2005) as well as low distractibility and high 
persistence in HR siblings with a later ASD diagnosis (Bolton et al., 2012) and in 3-7 year olds 
with ASD (Brock et al., 2012).  
 
Shifting/cognitive flexibility in ASD  
The two studies that have tested shifting/cognitive flexibility in young children with 
ASD did find impairments on those traits. In a group of 5-7 years old children with ASD the 
largest impairments on a parent EF questionnaire were in the domain of cognitive flexibility; 
interestingly, impairments in shifting were similar across child and adolescent groups in 
contrast to other EF that became more pronounced with age (Rosenthal et al., 2013). Others 
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found that lower performance on shifting (and planning) on neuropsychological tasks 
characterized a group with ASD in comparison to a group with typical development (mean 
age 4.9, respectively 4.6 years); in the ASD and control groups cognitive shifting and planning 
(and verbal IQ) contributed to better Theory of Mind (ToM) skills, suggesting that ToM is 
primarily mediated by cognitive abilities rather than by ASD symptoms (Kimhi, Shoam-
Kugelmas, Agam Ben-Artzi, Ben-Moshe, & Bauminger-Zviely, 2014).  
 
5.2. Executive function in ADHD 
Research on early EF in ADHD has mainly been conducted in children of preschool age, 
with two meta-analyses covering this area. We will confine to the findings on EF in ADHD 
published after august 2011 in light of the conclusions in the meta-analyses. In the first meta-
analysis in preschoolers at risk for ADHD (25 articles published up to 2009; n=3005 children; 
mean age between 3-6 years), the authors concluded that deficits in almost all basic cognitive 
domains, i.e., simple response suppression and interference control of response inhibition, 
interference control, delay aversion and vigilance-arousal, were associated with concurrent 
and later ADHD symptoms (Pauli-Pott & Becker, 2011). Comparable results on EF in ADHD 
were found in the second meta-analysis (22 articles published up to august 2011; n=4021 
children; mean age between 3-6 years) (Schoemaker, Mulder, Dekovic, & Matthys, 2013).  
 
Working memory in ADHD 
Three out of the four recent studies on WM in relation to ADHD in young children have 
found weak associations with ADHD symptoms: in a population sample over recruited for 
ADHD (mean age 4.3 years) (Martel, Roberts, & Gremillion, 2013); and in two slightly younger 
population samples (mean age 3.5 years) (Rohrer-Baumgartner et al., 2014; Skogan et al., 
2014) although in the latter study WM did not differ between the ADHD and typical control 
groups (Skogan et al., 2014). Similarly, in a clinical sample of children with ADHD (mean age 
4.6 years) WM did not differ between the ADHD and ODD or typical control groups 
(Schoemaker et al., 2012). These recent findings are in line with conclusions from both meta-
analyses that at very young age WM is at best only very weakly (effect size 0.17) associated 
with ADHD (Pauli-Pott & Becker, 2011; Schoemaker et al., 2013), which is in contrast to 
findings at older ages (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).  
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Inhibition in ADHD 
Inhibition is probably the most examined EF in preschoolers (Garon, Bryson, & Smith, 
2008), particularly in ADHD and disruptive behavior disorders. All five recent studies on 
inhibitory control (IC) in young children have found that IC impairments were associated with 
ADHD. This was found in two population samples over recruited for ADHD (mean age 4.3 and 
3.5 years) (Martel et al., 2013; Rohrer-Baumgartner et al., 2014), and in a clinical sample with 
ADHD (mean age 4.6 years) (Schoemaker et al., 2012). The latter two studies did control for 
IQ, and Martel et al. (2013) and Schoemaker et al. (2012) also for co-morbid disruptive 
behavior problems. Regarding the specific effect of co-morbid problems on the EF-ADHD 
associations, reduced inhibition differentiated the “pure” ADHD and ADHD group with 
oppositional defiant disorder (ODD) problems from the typical control group (mean age 3.5 
years) (Skogan et al., 2014). Similarly, others found that IC was worst in the ADHD group with 
high co-morbidity (disruptive behavior and/or internalizing problems), whereas high delay 
aversion (DA) (i.e., reward related inhibitory control) was associated with pure ADHD 
regardless of comorbid problems (Pauli-Pott, Dalir, Mingebach, Roller, & Becker, 2014). This  
suggests that at young age DA is more specifically associated with ADHD whereas IC is also 
associated with co-occurring problems. However, the strength of this association might have 
been overestimated by the absence of co-morbid internalizing problems which generally go 
with low DA (Pauli-Pott et al., 2014). Nonetheless, the findings concur with those of the meta-
analyses i.e., medium effect size for inhibition (Schoemaker et al., 2013), medium to large 
effect sizes for response inhibition and delay aversion, and slightly lower for vigilance/arousal 
and interference control (Pauli-Pott & Becker, 2011).  
Age effects were also reported in the meta-analyses, such that the predictive values 
for ADHD decreased with age for DA tasks, and increased with age for interference control 
and vigilance/ arousal tasks (Pauli-Pott & Becker, 2011). It is assumed that abilities on DA tasks 
(i.e. ability to suppress a motivational response) mature earlier (Garon et al., 2008) and can 
most specifically be assessed at younger preschool age before integration with other 
components takes place. This is in contrast to interference control tasks and vigilance/arousal 
which may still undergo substantial changes during the early preschool years (Pauli-Pott & 
Becker, 2011). Different age effects were reported in the other meta-analysis where 
associations of overall EF and inhibition with ADHD symptoms (and externalizing behavior 
problems) were stronger in the older age group (4 ½- 6 years) compared to the younger one 
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(3-4 ½ years) (Schoemaker et al., 2013). The discordant age effects may be partly explained 
by the broader target group (i.e., externalizing problems) in Schoemaker et al. (2013), and the 
different approach to age as a continuous variable (Pauli-Pott & Becker, 2011) versus 
categorical variable (Schoemaker et al., 2013).  
 
Shifting/cognitive flexibility in ADHD 
This is the least explored executive domain in relation to ADHD in young children, 
which showed the lowest effect size (0.13) (Schoemaker et al., 2013) compared to other EF 
domains (Pauli-Pott & Becker, 2011; Schoemaker et al., 2013). In the one recent study on 
shifting conducted in a population sample over recruited for ADHD (mean age 4.3 years), 
worse set-shifting was associated with increased ADHD symptoms and inattention (Martel et 
al., 2013), suggesting that shifting deficits are also present in ADHD. 
 
Interactions among executive function, effortful- and affective/motivational control in ADHD 
The role of affective or motivational control in the EF-ADHD associations has been 
examined in three studies. One found that in the context of high negative emotionality strong 
neurocognitive functioning had no protective effect, in contrast to a context of less severe 
negative emotionality wherein strong neurocognitive functioning was a significant protective 
factor for ADHD severity in 3-4 years old children (mean age 4.3) (Healey et al., 2011). In the 
same line, others found that affective control (defined as control processes that occur more 
reflexively and that included one DA task), but not effortful control was concurrently 
associated with cognitive control (i.e., executive functions tasks) in ADHD in 4-6 years old 
children (mean age 4.3) (Martel et al., 2013). Further, temperamental negative emotionality 
(anger/frustration) at age 3-4 years had a negative impact on the development of EF at age 6 
years, and predicted ADHD symptom severity at age 7 years together with EF at age 6 years 
independently from early EF (Rabinovitz, O'Neill, Rajendran, & Halperin, 2016). These findings 
suggest that affective forms of control might play an important role in the early development 
of ADHD, possibly as precursors or foundation of more cognitive forms of control (Healey et 
al., 2011; Martel et al., 2013).  
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Longitudinal associations between executive function and ADHD 
Given the relatively strong associations between EF and ADHD and ASD, one may 
question how these associations arise and develop in parallel. Two studies have examined the 
longitudinal associations between EF/neuropsychological functioning and ADHD (and no 
study in ASD) in a sample of children recruited at 3-4 years of age and followed annually until 
their seventh-eighth year. Changes in EF/neuropsychological functioning, not baseline levels, 
were associated with the trajectory of ADHD symptoms and impairment, suggesting that early 
EF is not etiologically linked to the ADHD trajectory but acts as a moderator of outcome 
(Rajendran, Trampush, et al., 2013). Indeed, the magnitude of change in EF was linearly and 
inversely associated with the trajectory of ADHD severity and impairment (Rajendran, 
Trampush, et al., 2013). Improved EF only predicted the diminution of ADHD severity in the 
high ADHD group from age 4-5 years (Rajendran, Rindskopf, et al., 2013), which might indicate 
that children scoring high on ADHD are more susceptible to the moderating effect of EF than 
typically developing children. Striking is that the direction of these associations changed over 
time as from age 5-6 years greater ADHD severity also predicted subsequent changes in EF 
even in those with modest ADHD scores, suggesting that from older preschool age the 
moderating effect of EF on ADHD severity becomes reciprocal (Rajendran, Rindskopf, et al., 
2013).  
 
5.3. Summary executive function in ASD and ADHD 
The few studies on early EF in ASD suggest that deficits can be measured from 4 years 
of age, particularly when assessed with questionnaires instead of neuropsychological tests 
(but see in Kimhi et al., 2014). EF was associated with joint attention and with ToM and 
appeared to play a major role in later emotion regulation and behavioral school engagement 
(Jahromi et al., 2013). Findings in ASD further suggest that deficits in the domain of shifting 
are the most prominent at earlier age (5-7 years), and are relatively stable in comparison to 
the other EF deficits that increase with age. The far greater amount of studies in ADHD where 
EF have been measured from about 2.5 years of age, show that associations with ADHD are 
strongest for inhibition and weaker for WM, and tend to increase with age. Shifting has the 
smallest effect size but has scantly been tested in ADHD at young ages. It further seems that 
affective or motivational forms of control play a dominant role over EF in the early 
development of ADHD, suggesting that different regulating systems are involved in the early 
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trajectories to ADHD, which may further partly account for the heterogeneity of ADHD (Nigg 
& Casey, 2005; Nigg et al., 2004; Sonuga-Barke & Halperin, 2010). 
 
6. Discussion  
With this review of the literature on the core symptoms, temperament and cognition 
in relation to ASD and ADHD during infancy and preschool age, we identified unique and 
shared characteristics in the early trajectories of ASD and ADHD. In the following sections we 
discuss several theoretical implications and the challenges raised by the literature.       
 
6.1. What may explain lower ASD-ADHD co-occurrence below the age of three? 
The data clearly show that symptoms or traits of ASD and ADHD frequently co-occur, 
but that this co-occurrence is much lower in children below the age of 3 years. The lower co-
occurrence of ASD and ADHD symptoms or traits at very young age may be an artefact due to 
measurement problems in the first 3 years of life. Alternatively, age differences may be 
explained in terms of possible trajectories of ASD-ADHD associations in that the two 
conditions are linked by common (genetic) risks but that overt symptoms emerge or express 
at different times. A third explanation is that ASD and ADHD are not strongly linked at the 
very beginning but characteristics of the two conditions interact and increasingly become 
intertwined over the course of development. Such cascade effects may further be moderated 
by additional risk or protective factors. These mechanisms may explain the lower genetic 
correlation between ASD and ADHD during the first years compared to older ages (Ronald, 
Edelson, et al., 2010). Cascade effects may also explain the larger increase of ADHD symptoms 
over time: 1) in children with ASD in contrast to those without ASD; 2) in children with ASD 
who had already relatively high ADHD scores in the first years (Fodstad et al., 2010; Horovitz 
& Matson, 2015); and 3) in those with lower IQ. Two longitudinal studies with older children 
showed that ADHD symptoms or traits were more strongly predictive of ASD traits than the 
reverse (St Pourcain et al., 2011; Taylor et al., 2012). Unfortunately, the mostly cross-sectional 
data in infants and toddlers hinders to disentangle the bidirectional effects of ASD on ADHD 
development and the effects of persistence and severity of early emerging ADHD symptoms 
on the course of ASD, but available data suggest that cascade-effects can certainly not be 
ruled out, emphasizing the need for early detection and intervention. 
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6.2. Attention problems as common pathway to ASD and ADHD  
A consistent finding is that among ADHD (related) behaviors the factor inattention or 
attention problems is most strongly associated with ASD domains, a relation that could 
already be measured at age 1.5 years (Tureck, Matson, Cervantes, et al., 2015). This suggests 
that inattention overlaps with the ASD core domains at the phenotypic level and may indicate 
that early inattention forms a common pathway to ASD and ADHD. This hypothesis concurs 
with findings in 7-15 years old twins that variation in internalizing/externalizing behaviors (on 
the CBCL) accounted for about 50% of variation in autistic traits (on the SRS), with most 
contribution coming from the Attention- and Social Problems scales (Constantino, Hudziak, & 
Todd, 2003). In the same line, preliminary findings in adults show that the co-occurrence of 
ADHD and ASD symptoms or traits is accounted for by shared attention problems, specifically 
by problems in attentional switching, and that this association has a genetic basis (Polderman 
et al., 2013). However, a complicating factor is that it is unclear whether attention problems 
in ASD and in ADHD assessed by rating scales refer to or are based on the same underlying 
cognitive and neural mechanisms. Namely, these attention scales also include items that fall 
outside the pure attention domain (clumsy, shifts quickly, can’t sit still, wanders away). 
Furthermore, there is some entanglement of symptom descriptions between ADHD and ASD: 
the DSM-5 ADHD-inattention item “does not seem to listen when spoken to directly’’ may 
indicate 1) direct inhibition problems and pure distractibility, or 2) specific problems with 
social attention, and/or 3) be due to sensory processing peculiarities and preoccupations that 
hamper the ability to attend to complex social cues. These latter two are clearly entangled 
with ASD. Furthermore,  inattention is a multifaceted construct that can be operationalized 
in terms of disturbances in focusing, sustaining and/or shifting and disengagement of 
attention, which functions may also refer to different abilities. For example, in adults with 
ASD traits or ADHD problems, attention shifting referred to ‘the ability to easily switch 
attention’, ‘perform simultaneously multiple tasks’ or ‘follow multiple conversations’, which 
imply the coordination of many different skills (Polderman et al., 2013). To elucidate the 
underlying unique and common mechanisms of inattention in ASD and in ADHD, it may 
therefore be helpful to model attentional functions in terms of partly separable but 
interacting networks with known neurobiological underpinnings such as the alerting, 
orienting and executive control networks according to the Posner model (Keehn et al., 2013; 
M. I. Posner & Petersen, 1990). It thus remains to be determined how problems in the 
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development of these networks differentially relate to later emerging ADHD and ASD 
symptoms. 
 
6.3. A motivational model to explain temperament differences between ASD and ADHD 
High negative affect (referring to distress reactions, anger, fear and/or sadness) stands 
out as a shared temperamental characteristic of ASD and ADHD beginning in the first year. 
However, the differential traits of early negative affect in ASD (mainly distress, fear and 
sadness) versus ADHD (mainly anger) may be understood as motivational deficits, specifically 
differences in approach and withdrawal (see review by Nigg, 2006). 
In ASD, negative affect is associated with withdrawal but is preceded by approach (see 
Fig. 1). As the initial high approach/surgency in ASD seems mainly driven by high perceptual 
sensitivity, increased non-social interests and little control over orienting (“obligatory 
attention”), the reversing of approach into withdrawal after the first year may be explained 
as cascade-effects between these traits and ongoing sensory input. As a result, sensory 
overload may occur, leading to increased negative affect and ultimately withdrawal reactions. 
In young children with ASD, poor social motivation and low control of attention (low 
disengagement) may further hinder the effective regulation of distress by caregivers and 
development of more mature forms of control. Indeed, orienting to novelty, with the aid of 
the caregiver, has a regulatory function during infancy (Rothbart et al., 2011), and has been 
related to higher surgency/positive affect and lower negative affect in typical infants 
(Gartstein & Rothbart, 2003). Similarly, the reversing of temperamental activity in ASD from 
low into high scores during the first years may be understood not only a result of delayed 
locomotor development (Leonard et al., 2013) but as atypical or incongruent incentives and 
(social) motivation for activity. For example, high motor activity without goal at 2 years in HR-
ASD children combined with low positive anticipation, suggests a dissociation between 
motivation, affect and activity (Garon et al., 2009). In ADHD, where research in infancy is 
limited, one may hypothesize that a combination of impulsive approach to novelty and 
excessive excitement and motivation for immediate (social) reward, may lead to 
dysregulation that is based on different mechanisms than in ASD. Taken together, a 
motivational perspective on negative affect and activity suggests that ASD and ADHD differ in 
these domains and provides a model for understanding these differences.      
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6.4. Low effortful control may have different underpinnings in ASD and ADHD  
It may be hypothesized that low effortful control points to low social motivation and 
low disengagement in ASD, and to low sustained attention and high distractibility in ADHD. 
Low EC in ASD referred to low distractibility and disengagement and low levels of cuddliness 
and of low intensity pleasure (see Fig.1). The latter components of EC in infants stand for low 
affiliative behaviors and low pleasure derived from activities involving low intensity, 
complexity, novelty, and incongruity like many quiet social activities such as being sung to, 
being rocked, and listening to a story. In contrast, low EC in ADHD referred to low interest 
which stands for short duration of orienting attention to or interacting with an object (see Fig. 
1). In other words, early in development low scores on the EC trait of attentional shifting in 
ASD and ADHD seem to represent opposite tendencies underlying reduced attentional 
control, with ADHD being associated with low levels of intentional shifting of attention, 
possibly as a consequence of quick and unintentional disengagement due to poor sustained 
attention/high distractibility, and ASD being associated with low attentional 
shifting/distractibility and low levels of social driven behaviors. In conclusion, seemingly 
similar behavioral characteristics may point to diverging and even opposite underlying 
mechanisms, emphasizing the need to look at behavioral correlates and contextual and 
motivational factors before interpreting individual characteristics.      
 
6.5. What is measured with EF in ASD and ADHD?   
Studies largely differ in the methods used to test EF, and consequently in the cognitive 
components being tested. It has been argued that children with ASD mainly fail on inhibition 
tasks when these are combined with other EF or when tasks require more complex cognitive 
abilities (Keehn et al., 2013). The same applies for tasks and contexts with high social demands 
(Kenworthy et al., 2008). Children with ASD may also have more difficulties with tasks that 
are open-ended, lack explicit structure or involve arbitrary rules (White, Burgess, & Hill, 2009). 
Accordingly, low performance on such tasks in ASD should perhaps not primarily be assigned 
to executive dysfunction, but to ‘difficulties forming an implicit understanding of the 
experimenter’s expectations for the task’(White, 2013), an hypothesis that needs to be 
tested. In this line, others did find that difficulties learning from social feedback rather than 
lexical principles limit vocabulary building in toddlers at risk for autism (Bedford et al., 2013). 
Regarding ADHD, procedures controlling for non-inhibitory and 
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Fig. 1. Temperament traits in ASD and ADHD: ASD and ADHD share high levels of negative affect, but the underlying 
motivational and behavioral tendencies seem to differ, i.e. withdrawal versus approach in ASD vs. ADHD, respectively.  
ASD and ADHD also share difficulties with control and shifting, but partly opposite behaviors seem to be involved, i.e.  
high persistence and low distractibility in ASD and poor sustained attention and high distractibility in ADHD.  
 
 
non-attentional EF components in preschoolers resulted in no clear ADHD-related executive 
dysfunction, suggesting that at young age EF is rather intact and that lower performance on 
EF tasks may be attributed to behavioral dysregulation or poor state regulation (Berwid et al., 
2005; Marks et al., 2005) or failure to percieve errors (Berwid, Halperin, Johnson, & Marks, 
2013). Moreover, along with the cognitive components of EF, affective or motivational 
components involved in choice delay tasks should be taken into account as these seem 
differentially related to the core symptoms (Castellanos, Sonuga-Barke, Milham, & Tannock, 
2006) and play a major role in the early pathways to ADHD. This concurs with the common 
genetic effects contributing to the association between emotion regulation and working 
memory (Wang & Saudino, 2013). Social motivation The literature thus suggests that EF 
impairments in ASD and ADHD in young children may partly be attributed to (social) 
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information processing, motivational or regulatory processes that are difficult to isolate 
within complex EF tasks.  
 
6.6. What can explain age related increase in executive function problems in ASD and ADHD?   
The detection of EF problems in young children largely depends on age at assessment 
and type of EF measures (Garon et al., 2008; Kenworthy, Yerys, Anthony, & Wallace, 2008; 
Pauli-Pott & Becker, 2015). In ASD, the reviewed data suggest that only from 4 years of age 
and for most on a questionnaire, EF impairments can be detected relative to control groups 
(but see Kimhi et al., 2014). The substantial developmental changes in EF during the first years 
of life may hinder the reliable distinction between deficits and normative variations in 
maturation of these complex functions (Garon et al., 2008; Pauli-Pott & Becker, 2015). 
However, using methods adapted for very young age, differences in components of EF (e.g. 
better working memory for non-social targets relative to controls) have been detected in HR-
ASD infants relative to controls. Moreover, HR-ASD infants have shown atypicalities on basic 
temperament EC traits related to EF (e.g., longer duration of orienting, low visual 
disengagement and low attentional shifting), and on visual attention tasks (Falck-Ytter, Bolte, 
& Gredeback, 2013; Guillon, Hadjikhani, Baduel, & Roge, 2014). The above suggests that 
precursors and basic components of EF are already in place and may show atypicalities in 
infants with later ASD, in contrast to complex EF domains which follow prolonged 
developmental trajectories. A different and less pronounced age effect on EF appears in 
ADHD, where deficits in most EF domains have been found from about 2.5 years and which 
increase during preschool age. Further, the domain-specific age effects in ADHD point to 
dissimilarities in maturational course between EF domains (Garon et al., 2008; Pauli-Pott & 
Becker, 2011). Specifically, deficits in delay aversion and inhibitory control could be detected 
earlier than those in working memory and in shifting, which is in contrast to ASD where 
deficits in shifting were the first to appear. Based on the few studies on EF in young children 
with ASD versus ADHD it may tentatively be concluded that maturation contributes to the 
later appearance of deficits in complex EF during later preschool age in children with ASD. The 
earlier appearance of EF deficits in ADHD further points to different processes involved in the 
early development of EF in ADHD versus ASD, which is also supported by the different 
sequence in which EF deficits appear.  
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6.7. Executive function in the pathways to ASD and ADHD 
The absence of clear EF deficits in children with ASD below the age of about 4 years 
relative to MA and CA matched children, suggests that EF deficits are not primary deficits in 
ASD (Yerys et al., 2007). EF may rather be a non-specific risk- or protective factor (Johnson, 
2012). For example, EF independently predicted ToM in 4-7 years old children with ASD 
(Pellicano, 2010). In ADHD, change in EF but not baseline levels predicted ADHD trajectories 
in preschoolers (Rajendran, Trampush et al., 2013). This moderating effect of EF on ADHD 
severity became reciprocal from older preschool age (Rajendran, Rindskopf et al., 2013), 
suggesting that over time EF is increasingly influenced by functions in other brain systems 
(Johnson, 2012). Furthermore, the literature in ADHD points to different and dissociable 
neuropsychological pathways to ADHD (Castellanos et al., 2006; Sonuga-Barke et al., 2008). 
Two important pathways are the more cognitive EF required for abstract or decontextualized 
problems, in contrast to the affective or motivational EF required for problems with high 
affective value (Castellanos et al., 2006). It seems that during preschool age, motivational 
processes as measured in response inhibition tasks (DA) and negative affect play a relatively 
important role in EF in relation to ADHD. DA and IC at this age also mediated the link between 
familial risk, not prenatal and psychosocial risks, and ADHD symptoms, stressing the role of 
DA and IC in the pathways to ADHD and suggesting that different neuropsychological 
pathways are related to familial versus prenatal/psychosocial risks (Pauli-Pott, Dalir, 
Mingebach, Roller, & Becker, 2013).  
The moderating role of complex EF in ASD and ADHD, may also apply to precursors or 
basic components of EF, e.g. attentional shifting and -control, and temperament effortful 
control, that have extensively been investigated in relation to ASD. Notably, research supports 
the idea that atypicalities in these precursors or basic functions in infancy may precede 
deficits in compound EF domains and core symptoms. This connectedness between basic 
functions and complex EF also suggests that brain regions involved in later EF are already 
supporting some EF precursor skills early in infancy (Johnson, 2012).  
Taken together, compound EF domains show a moderating and partly mediating role 
in the pathways to ADHD and ASD during preschool age. Dysfunctions in precursors or basic 
components of EF in infancy may precede complex EF and behavioral symptoms, which 
possibly points to their causative role in the trajectories to ASD.  
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7. Challenges and recommendations for future research 
In the next section we elaborate on limitations of the current literature for allowing 
conclusions about early unique and shared antecedents of ASD and ADHD, and provide 
recommendations for future research. 
 
7.1. Difference in age range between ASD and ADHD research  
The difference in age range between ASD and ADHD is an important obstacle when 
examining the links between the early trajectories of ASD and ADHD. Research in ASD has 
focused on the first three years of life with relatively few studies covering the preschool age 
whereas in ADHD the opposite is the case. The younger start of conducting research in ASD, 
facilitated by the wide use of HR-designs, and age-appropriate assessment techniques 
beginning in infancy using well validated diagnostic instruments has not been equaled in 
ADHD. Although validated instruments have recently been developed that enable reliable 
assessments of ADHD symptoms from younger preschool age (Bunte, Laschen, et al., 2013; 
Bunte, Schoemaker, Hessen, van der Heijden, & Matthys, 2013; Keenan et al., 2007; 
Wakschlag et al., 2008), substantial diagnostic instability of ADHD is found from preschool- to 
early school age (Bunte, Schoemaker, Hessen, van der Heijden, & Matthys, 2014). To 
understand such heterogeneity of ADHD pathways and the possible links with ASD from the 
earliest stages, priority should be given to early precursors of ADHD before diagnostic 
outcomes are established (Sonuga-Barke & Halperin, 2010).  
In addition, the normative changes in behaviors, temperament traits and cognitive 
functions during the first years need to be better understood before extrapolation to ASD and 
ADHD can take place. For example, one temperament trait may refer to different mechanisms 
across age periods, as demonstrated by the changing context and motivation for approach 
components from infancy to toddlerhood in relation to ASD. Changes in the behavioral 
correlates of temperament traits over time also reflect shifts in the underlying neurobiological 
mechanisms (Rothbart et al., 2011). This favors the use of temperamental models that can be 
linked to neurobiological mechanisms. For cognition, the complex and prolonged 
developmental trajectories of EF (see review (Kenworthy et al., 2008) imply that cognitive 
impairments should be followed over lengthy periods including at least preschool age. For 
example, infant (6, 12 months) and toddler (2, 3 years) abilities in the domains of visual 
attention, processing speed, and memory appear to predict EF at school age (Rose, Feldman, 
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& Jankowski, 2012). Similarly, studies in typical infants and young children using behavioral 
methods to test basic executive components in combination with neuroimaging, reveal that 
some functions of the executive network (e.g. error detection) are already present in the first 
year, but that the ability to take action based on errors/conflicts is delayed until about 3-4 
years of age. These changes correspond to maturational changes in brain functioning, like 
increase in connectivity between brain areas (M. I. Posner et al., 2012; Rothbart et al., 2011). 
To understand the early developmental trajectories of psychopathology, it is therefore crucial 
to investigate basic components of behavior and cognition that are less dependent on 
immature functional skills and motivation along with more complex functions and adaptive 
skills as they develop over time.  
 
7.2. Composite domains or factors versus subdomains and basic functions 
In the literature widely diverging procedures have been applied to measure 
symptoms, temperament and cognition. These measures mostly result in scores on composite 
factors that may appear similar but often differ across studies and across ages at the more 
basic behavioral level. This impedes linkage with specific behavioral and functional 
components, and linkage with biological systems across developmental periods (Klin, Shultz, 
& Jones, 2014). For example, the social problems reported in ADHD mainly referred to non-
specific social-adaptive and coping problems, and the correlates of hyperactivity and 
inattention also vary with age and diverge between ASD and ADHD. Further, several 
subdomains have been disregarded; restrictive-repetitive behaviors have not been tested 
separately in young children at high risk for ADHD or with ADHD. This is a shortcoming in view 
of the differential associations between subdomains found at older ages. Specifically, 
hyperactive-impulsive traits appear related to the restrictive-repetitive behavior domain in 
older children (Martin, Hamshere, O'Donovan, Rutter, & Thapar, 2014), and in adults the 
restrictive-repetitive behavior domain showed the strongest association with both 
dimensions of ADHD, on a phenotypic, genetic and environmental level (Polderman, 
Hoekstra, Posthuma, & Larsson, 2014). In the same line, aggregation of ADHD subdomains 
into one factor may have led to underestimation of genetic overlap in 2 year old twins. This 
possibility warrants consideration in light of the specific associations appearing between 
ADHD inattention and ASD, and the relative genetic specificity of the ASD domains (Happe & 
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Ronald, 2008; Robinson et al., 2012) and to a lesser extent ADHD domains (Greven, Rijsdijk, 
et al., 2011; Nikolas & Burt, 2010).  
The confounding effects of tests procedures may be stronger at young age. For 
example, the multifaceted composition and prolonged maturation of EF, make performance 
on EF tasks highly susceptible to the confounding effects of test procedures during early age, 
casting doubt on whether EF as measured with current neuropsychological tests across this 
age range has similar content validity. These confounding factors have been relatively 
disregarded in many studies but are now increasingly subject to systematic investigation in 
eye tracking studies. In early childhood, eye tracking allows to study reflexive and conscious 
cognitive functions prior to the development of controlled behaviors. Eye tracking has amply 
been applied in infants at risk for ASD (see for reviews (Falck-Ytter et al., 2013; T. Gliga, E. J. 
H. Jones, R. Bedford, T. Charman, & M. H. Johnson, 2014; Guillon et al., 2014; Sacrey, 
Armstrong, Bryson, & Zwaigenbaum, 2014). Using eye tracking, the experimental contexts can 
easily be manipulated. For example, by examining attention to a social scene versus to a 
screen in HR-infants with later ASD (Chawarska, Macari, & Shic, 2013); or attention during 
episodes involving dyadic cues that were directed or not directed at the child (Chawarska, 
Macari, & Shic, 2012). In the same line,  the influence of task complexity on performance has 
been confirmed in many eye tracking studies in ASD where saccadic reaction time shortens 
with lower complexity (e.g., in gap- versus overlap tasks, with static- versus dynamic stimuli 
or with repeating versus varying stimuli) (see review by (Sacrey et al., 2014). Unfortunately, 
research with visual attention tasks in ADHD has mostly been performed from school age, and 
is based on different paradigms than in ASD (Rommelse, Van der Stigchel, & Sergeant, 2008). 
Interestingly, one study has found that attention (mean fixation duration) measured with eye 
tracking at about 7.6 months of age was positively related to temperament effortful control 
and negatively with hyperactivity-inattention behaviors at about 4.5 years of age 
(Papageorgiou et al., 2014), suggesting some continuity between infant and preschool 
attentional and behavioral control.  
In summary, complex EF tasks in young children with ASD and ADHD measure many 
different components related to context and complexity and involve a diversity of more basic 
regulatory and cognitive processes. To tease these components apart, the use of simple tasks 
and eye tracking is a promising line of research. In particular, eye tracking enables to 
characterize the core pathology “at a unique intermediate level”, in the sense that findings 
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can be linked to everyday observable simple and complex behaviors, emotions and functions 
and to basic neuro-cognitive processes, autonomic responses; further, eye tracking can be 
used to investigate spontaneous behaviors and preferences in complex rather naturalistic 
situations (Falck-Ytter et al., 2013). 
 
7.3. Interactions among systems  
A challenge in the understanding of early development is to acknowledge that factors 
do not operate separately, and that it is crucial “to model complex interactions among 
systems and over time” (Johnson, 2011; cited by Elsabbagh et al. 2011). In the case of 
developmental disorders, it is assumed that the symptoms may be a result of early brain 
adaptations to genetic and environmental processes rather than a direct consequence of 
fixed neural pathology (Johnson, Jones, & Gliga, 2015). The reviewed literature supports the 
notion that symptoms, temperament and EF have to be interpreted in the context of the 
developmental systems they interact with, and that these interactions change and become 
increasingly compounded over time. For example, the moderating effect of a risk factor on 
symptom severity tends to become reciprocal in the course of preschool age, as well as the 
effect of symptom severity and IQ on rates of co-morbid problems. The temperament and 
cognitive data show that sensory/perceptual features, affective, effortful and cognitive 
control operate as precursors or risk factors for ASD and/or ADHD through interactions with 
each other and with genetic risk (Becker et al., 2010). These effects may confound primary 
with secondary causes and ultimately complicate the search for intervention targets. 
Treatment targets should therefore be sought in the multiple processes that mediate the 
disorders rather than in fixed core deficits and symptoms, which means a shift from 
developmental outcomes to causal processes (Sonuga-Barke & Halperin, 2010).   
 
7.4. Areas for further research 
The reviewed literature shows that the ASD and ADHD fields may greatly benefit from 
one another. In ASD, this includes the extension of early trajectories into preschool ages, and 
increase of research on executive functioning and on early environmental factors. In ADHD, 
this includes the downward extension of trajectories by studying infants at risk, and increased 
research on precursors or basic behavioral and cognitive components. In both conditions, 
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there should be more attention for the role during early development of processes that fall 
outside the core deficits, like sensory and affective processes.  
Neurobiological and environmental factors have been relatively disregarded in 
relation to early symptoms, temperament and cognition in ASD or ADHD. Although these 
areas fall outside the scope of this review, we briefly discuss them in light of the critical need 
for a multi-method approach in neurodevelopmental disorders.  
Recent findings suggest that differences in brain function precede the overt behaviors 
symptoms in autism (Elsabbagh & Johnson, 2010). Mixed results were reported for deviances 
in early brain growth in relation to ASD and ADHD, with indication for brain volumes being 
increased in ASD and decreased in ADHD, but with still unknown early brain-growth 
trajectories and underlying processes (see reviews by Gliga et al., 2014 and M. H. Johnson et 
al., 2014). Recent reviews further support the assumption of brain wide atypicalities in ASD 
(Allely, Gillberg, & Wilson, 2014) and in ADHD (Castellanos & Proal, 2012; van Ewijk, 
Heslenfeld, Zwiers, Buitelaar, & Oosterlaan, 2012), and show that brain research in ASD covers 
an earlier age than in ADHD where most work has been performed from about school age. 
Research on early (brain) development calls for the use of non-invasive techniques that can 
more easily be applied in very young children like EEG and (functional) near infrared 
spectroscopy (Lloyd-Fox, Blasi, & Elwell, 2010), in addition to (functional) magnetic resonance 
imaging (MRI) (Wolff et al., 2015). Taking this into consideration, research on early brain 
development in ASD and ADHD might greatly benefit from the inclusion of behavioral, 
cognitive, physiological and also genetic measures that can be linked to brain function.  
Although environmental factors are not considered as causative in ASD and/or ADHD 
by themselves, they may act as risk or protective factors during sensitive developmental 
periods beginning in prenatal life through interactions with child characteristics, particularly 
in (genetically) susceptible individuals (Gardener, Spiegelman, & Buka, 2009; Hartman & 
Belsky, 2015; Pluess & Belsky, 2011; Sonuga-Barke & Halperin, 2010). During the embryonic 
stage intrauterine environmental influences are likely to modulate risk for developmental 
disorders (Gardener, Spiegelman, & Buka, 2011; Hallmayer et al., 2011). One promising line 
of research is that of maternal early prenatal infections increasing the risk for ASD in the 
offspring (Atladottir et al., 2010) suggesting that a hypoactive immune cell activity is one 
possible mechanism in children who later develop ASD (Abdallah et al., 2012). For the social 
environment, the caregiver is a known potential (dys)regulator and moderator of risk during 
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early child development (Rothbart et al., 2011; Zeanah & Zeanah, 2009), whereby the child’s 
difficulties or behavior problems can elicit compensating or negative parenting behaviors 
(Kiff, Lengua, & Zalewski, 2011). For example, behavior problems (Estes et al., 2013) and 
sensory problems (Ben-Sasson, Soto, Martinez-Pedraza, & Carter, 2013) in toddlers with ASD 
were associated with parental distress/family life impairment and stress. A recent study 
showed that infant interactive behaviors and dyadic parent-infant mutuality in interaction at 
12 months were able to predict ASD outcome (Wan et al., 2013). For ADHD, findings suggest 
that low levels of parental sensitivity/ responsivity in preschoolers uniquely predicted later 
ADHD behaviors, an effect that may partly be due to parents’ own ADHD (Keown, 2012). Early 
interventions studies focusing on parent-child interaction and parenting suggest that the 
effects primarily reside in improvement of parenting (and parent wellbeing) and decrease in 
co-occurring child problems rather than in decrease of core symptoms (Daley et al., 2014; 
Oono, Honey, & McConachie, 2013). This indicates that early transactional processes in ASD 
and ADHD are promising areas for further research, including intervention research. This 
research area calls for methods that are well suited to examine complex bidirectional effects 
longitudinally (Kiff et al., 2011), that control for psychopathology in all interaction partners 
and use genetically informed designs.  
 
7.5. Genetic research 
Quantitative genetic research on shared genetic influences on ASD and ADHD has 
mostly been conducted in older children and adolescents with ASD and ADHD, with few 
studies having performed cross disorder analyses (see for review Rommelse, Franke, Geurts, 
Hartman, & Buitelaar, 2010). Family and twin studies indicate substantial shared genetic 
factors of ASD and ADHD (e.g., Musser et al., 2014; Ronald at al., 2014; Taylor et al., 2015; 
Lichtenstein et al., 2010). In contrast, only modest phenotypic correlations between ADHD 
and ASD traits and also modest overlap of genetic factors were found in a population-based 
sample of 2 years old twins (Ronald, Edelson, Asherson, & Saudino, 2010). This smaller genetic 
overlap may be due to measurement problems at very young age. Further, genetic loading 
for complex traits may be age-dependent and lower in the first years of life (Ronald, Edelson, 
Asherson, & Saudino, 2010). 
Genome-wide association studies (GWAS) using common DNA variants (SNPs) 
allowing for the examination of shared genetic etiology between disorders at the molecular 
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level have found lower heritability estimates of ASD and ADHD problems in comparison to 
family or twin studies (Trzaskowski, Dale, & Plomin, 2013). Explanations for this heritability 
gap may be the lack of power to detect common associated variants of small effect due to 
relatively small sample size. Another explanation is that common DNA variants only capture 
additive genetic effects associated with complex behavioral traits, while not capturing gene-
gene and gene-environment interactions, and rare alleles (Lee et al., 2013). This is relevant as 
molecular genetic studies have identified an increasing number of rare variants associated 
with developmental disorders as ASD, ADHD and/or intellectual disability that seem to 
converge in a limited number of neurobiological pathways (Vorstman & Ophoff, 2013). 
Genome-wide genotype data from the Psychiatric Genomics Consortium (PGC) for cases and 
controls in ASD and ADHD further allow for the examination of share genetic etiology of these 
two disorders at the molecular level (Lee et al., 2013). The non-significant genetic correlation 
that was found between ASD and ADHD (in contrast to genetic correlations between several 
other disorders) might have been caused by the much smaller samples sizes for ASD and 
ADHD than for the other disorders in the PGC.  
Genetic research on complex psychopathological phenotypes in the first years of life 
is sparse. However, quite some research has been done on basic psychological traits. This is 
relevant because finding genetic associations with basic traits, i.e., before these are 
confounded by interactions with other systems, might be easier (Papageorgiou & Ronald, 
2013). Most studies have used a candidate gene approach with either dopamine, serotonin 
or cholinergic related genes and did find differential but not fully consistent genetic 
associations with temperamental and attentional domains (for review, see Papageorgiou & 
Ronald, 2013). The most consistent finding has been a relation of a dopamine receptor D4 
gene variant (L-DRD4) with several positive temperamental traits during infancy (e.g., better 
orientation, better response to novel situations, higher activity, lower negative affect) but 
also with negative traits in this age range (e.g., shorter duration of looking/ latency of looking 
away, and also higher negative affect). One longitudinal study has found that the L-DRD4 
genotype in combination with regulatory problems in infancy was predictive of middle 
childhood ADHD (Becker et al., 2010).  
Several explanations are presented for the inconsistent genetic findings across these 
studies that are related to age, measurements and possible interactions with the 
environments (see also review by Papageorgiou & Ronald, 2013). Inconsistencies between 
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studies that differ in age range may reflect changes in the genetic underpinnings of a domain. 
In addition, different underlying mechanisms may be involved in a trait at different ages. For 
example, cholinergic systems involved in attentional orienting may only foster regulation 
during early infancy, whereas later on regulation may pass to the executive control network 
(Posner, Rothbart, Sheese, & Voelker, 2012) cited in (Papageorgiou & Ronald, 2013). Further, 
different methods of measurement, e.g., questionnaire, test or observation, probably tap 
different underlying constructs. For example, genetic correlations in 2 years old twins 
suggested that activity level (AL) at home at this age shows more overlap with ADHD behavior 
than AL in the lab, supporting the separation of the three measures for molecular analyses 
(Ilott, Saudino, Wood, & Asherson, 2010). Further, children may differ in their susceptibility 
for the quality of their environments based on their genotype (Belsky & Pluess, 2009).  
In line with the aforementioned challenges and recommendations, future genetic 
research on unique and shared etiology between ASD and ADHD should take account of the 
effects of age/development stage on measurements and acknowledge eventual changes in 
underlying constructs. In this regard, basic phenotypes and functions might more easily be 
linked to genetic factors than composite phenotypes and functions. Further, examining 
contextual influences within (i.e., genetic effects that are situation-specific such as activity 
level in a familiar vs unfamiliar environment), and across individuals (due to gene-
environment interactions/differential susceptibility) is essential to unravel genetic and 
environmental components (Saudino & Micalizzi, 2015). This requires a multi-method 
approach to measurement. Finally, the combined study of multiple phenotypes and multiple 
genes is warranted to elucidate the associations and interactions between them. In this way, 
polygenic risk scores for ASD and ADHD might be mapped onto early measures of ASD and 
ADHD. This might be helpful to further clarify the role of unique and common genetic etiology 
on the phenotypic overlap between ASD and ADHD early in life.  
 
8. Clinical implications  
This review provides a basis for several clinical implications regarding assessment, 
early recognition and treatment recommendations for co-occurring ASD and ADHD. In view 
of the strong clinical overlap, children referred for ASD should also be assessed for ADHD 
(traits) and vice versa, which also implies that clinicians should look for ASD problems in the 
context of ADHD and for ADHD- and emotion regulation problems in ASD.  
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Given the complex and prolonged developmental trajectories in many function 
domains and increasing co-occurrence of ASD and ADHD between infancy and preschool age, 
clinical diagnostic assessments should be repeated over time. From early age, assessments 
should in any case cover attentional functions in different contexts as dysfunctions in these 
domains appear a risk marker for – and linking pin between – ASD and ADHD.  
Temperament and EF are very useful trans-diagnostic specifiers that are likely to 
moderate clinical outcome (Johnson, 2012; Karalunas et al., 2014). In this regard, 
temperament measures related to neurobiological systems (Rothbart’s scales) are preferable 
in order to capture (1) rather stable basic response traits of approach and withdrawal and 
their underlying motivation (manifested through sensory, affective and behavioral features) 
and (2) regulatory or effortful control traits (including duration of orienting/attentional focus, 
inhibitory control and shifting), which traits are differentially associated with the 
heterogeneous phenotypes of ASD and ADHD. As EF in young children largely depends on age 
at assessment and type of EF measures, the challenge is to use methods that allow for a 
distinction between deficits and normative variations in maturation. In infancy (about the first 
1.5 year) and toddlerhood (between about 1.5-3 years), EF-related temperamental regulation 
behaviors may most easily be assessed by the Revised Infant Behavior Questionnaire (IBQ-R; 
Gartstein and Rothbart, 2003) and Early Childhood Behavior Questionnaire (ECBQ; Putnam et 
al. 2006), respectively. Although basic reflexive and non-controlled cognitive functions in very 
young children can most reliably be measured with eye tracking, the method is not readily 
available for clinical assessment purposes because normative data are lacking and the 
predictive validity regarding clinical diagnosis is not established enough. In infants and 
toddlers, clinicians should also consider the use of simple tasks for basic EF components in 
the domains of attention (e.g., look duration and shift rate), processing speed (e.g., 
psychomotor- and encoding speed), and memory (e.g., immediate- and delayed recognition) 
that are associated with later EF (Rose et al., 2012). Further, varying the test conditions by 
using different types of targets, distractors and instructions, may help isolate EF impairments 
from confounding factors such as sensory- and social information processing difficulties, 
affective control and motivational processes.  
In order to rightly interpret individual characteristics and decide to which extent these 
may be attributed to ASD, ADHD or an overlapping spectrum, it is critical to (1) search for 
early signals specific to ASD or ADHD in the developmental history, (2) examine whether the 
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motivational and contextual correlates of sensory- cognitive and behavioral symptoms are 
differentially pointing to ASD or ADHD, and (3) examine the effect of developmental course 
and effect of interventions as these may uncover the most salient pathology.   
Given the pivotal role of early attentional functioning in ASD and ADHD, the further 
development of (preventative) interventions beginning in infancy and focusing on training of 
attentional functions has a high priority (Wass, Porayska-Pomsta, & Johnson, 2011). In the 
same line, training of executive functioning using activities, exercises and games and 
improvement of emotional regulation (e.g., identifying and articulating feelings, anger 
management) beginning at early preschool age are promising interventions with potential 
preventative effects (Halperin et al., 2013; Rabinovitz et al., 2016; Wass, 2015; Webster-
Stratton, Reid, & Beauchaine, 2011).  
While outside the scope of this review, we finally want to stress the importance of 
involving caregivers in early interventions to attain a more effective generalisation of 
developmental gains in multiple settings (Wallace & Rogers, 2010). Moreover, the difficulties 
of the child in the core- and related domains place a burden on caregivers and may also 
undermine their competence and sensitivity (Davis & Carter, 2008). Therefore, early 
interventions should include psychoeducation and concentrate on optimising interactions 
between child and caregivers, preferably before interactions become embedded in emerging 
social atypicality (Wan et al., 2013), disregulated behaviors and coercive patterns.    
 
Conclusions: 
Several preliminary conclusions can be drawn from this review on the shared or 
unique early behavioral and cognitive characteristics of ASD and ADHD: 1) core symptoms or 
traits of ASD and ADHD frequently co-occur, and this co-occurrence increases with age, 
severity of symptoms and lower IQ; 2) attentional problems form a linking pin between ASD 
and ADHD but the behavioral, cognitive and sensory correlates partly diverge between the 
two conditions; 3) ASD and ADHD share high levels of negative affect as a temperament trait, 
although the motivational mechanisms diverge (i.e. withdrawal versus approach in ASD vs 
ADHD, respectively); and 4) ASD and ADHD share difficulties with control and set-shifting, but 
partly opposite behavioral tendencies seem to be involved. These conclusions are inferred 
from a disparate literature and sometimes limited data wherein age effects are often not 
clearly understood, therefore requiring more research.  
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To understand the causative mechanisms of the early ASD and ADHD pathways and of 
the links between ASD and ADHD, methods have to be used that allow to bridge the gaps 
between the divergent ASD and ADHD research fields, between basic and compounded 
functions across developmental periods beginning in prenatal life, and between these 
functions and their neurobiological foundation. Further, a large variety of interacting 
processes are implicated in the pathways of neuro-developmental disorders. This calls for a 
multi-method approach wherein a large range of behavioral, cognitive and gaze/sensory 
processing measures are combined with neurobiological measures including the use of state-
of-the-art non-invasive methods to assess brain structure and function, and including early 
social and biological environmental factors.  Ultimately, these insights will inform intervention 
research and lead to a re-shift in focus away from rather fixed developmental/diagnostic 
outcomes to more causal processes (Gliga et al., 2014; Sonuga-Barke & Halperin, 2010).     
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.7
-2
), 
2.
3y
 (2
.1
-
2.
6)
, a
nd
 2
.8
y 
(2
.7
-
3.
2)
. 
AD
HD
 sy
m
pt
om
s  
AS
D:
 C
BE
; D
SM
-IV
; M
-C
HA
T,
  
BI
SC
UI
T-
Pa
rt
 1
 
 AD
HD
 sy
m
pt
om
s: 
BI
SC
UI
T-
pa
rt
 2
 
 De
ve
lo
pm
en
ta
l t
es
t: 
BD
I-2
  
To
dd
le
rs
 w
ith
 A
SD
 h
ad
 m
or
e 
se
ve
re
 sy
m
pt
om
s t
ha
n 
at
yp
ica
lly
 
de
ve
lo
pi
ng
 n
on
-A
SD
 to
dd
le
rs
. C
om
or
bi
d 
pr
ob
le
m
s c
an
 e
m
er
ge
 a
t 
1y
 o
f a
ge
, i
nc
re
as
e 
to
 p
ro
bl
em
at
ic 
le
ve
ls 
fro
m
 2
.1
y–
3.
3y
 o
f a
ge
; 
in
cr
ea
sin
g 
tre
nd
 o
f c
om
or
bi
d 
be
ha
vi
or
s a
s a
ge
 in
cr
ea
se
d.
  
 
Ga
do
w
 e
t a
l.,
 
20
04
  
 
CS
; C
lin
ica
l: 
PD
D 
(n
=1
72
/1
60
 * )
, 
no
n-
PD
D 
re
fe
rr
al
s (
n=
13
5/
10
1 *
), 
ty
pi
ca
l (
n=
50
7/
40
7I
), 
an
d 
ea
rly
 
ch
ild
ho
od
 p
ro
gr
am
s s
am
pl
e 
(n
=6
4/
14
0 
* ) 
In
ve
st
ig
at
ed
 co
m
or
bi
di
ty
 in
 
ch
ild
re
n 
w
ith
 A
SD
. 
* 
pa
re
nt
/t
ea
ch
er
 ra
tin
gs
 
4.
6y
 (3
-5
) 
AD
HD
 d
ia
gn
os
is 
AS
D:
 C
BE
 b
as
ed
 o
n 
co
m
pr
eh
en
siv
e 
as
se
ss
m
en
t a
nd
 E
CI
-4
  
 AD
HD
: E
CI
-4
  
+ 
40
%
 o
f t
he
 ch
ild
re
n 
in
 th
e 
AS
D 
sa
m
pl
e 
m
et
 D
SM
-IV
 cr
ite
ria
 fo
r 
AD
HD
.  
AS
D 
sa
m
pl
e 
w
as
 a
s i
na
tte
nt
iv
e 
as
 th
e 
no
n-
AS
D 
cli
ni
c g
ro
up
, a
nd
 
bo
th
 cl
in
ic 
sa
m
pl
es
 w
er
e 
m
or
e 
in
at
te
nt
iv
e 
th
an
 th
e 
re
gu
la
r a
nd
 
sp
ec
ia
l e
du
ca
tio
n 
sa
m
pl
es
.  
Di
ffe
re
nc
es
 w
er
e 
la
rg
el
y 
ac
co
un
te
d 
fo
r b
y 
di
ffe
re
nt
ia
lly
 h
ig
he
r r
at
es
 
of
 A
DH
D-
in
at
te
nt
iv
e 
th
an
 A
DH
D-
hy
pe
ra
ct
iv
e/
im
pu
lsi
ve
 su
bt
yp
e 
sy
m
pt
om
s. 
Ga
do
w
 e
t a
l.,
 
20
06
  
 
CS
; C
lin
ica
l A
SD
 (n
=1
82
); 
Co
nt
ro
l 
no
n 
AS
D 
(n
=1
35
) 
Co
m
pa
re
d 
DS
M
-IV
 A
DH
D 
su
bt
yp
es
 in
 ch
ild
re
n 
w
ith
 A
SD
 
ve
rs
us
 n
on
-A
SD
 cl
in
ic 
re
fe
rr
al
s. 
AS
D:
 4
.2
y 
(3
-5
)  
 No
n 
AS
D:
 4
.6
y 
(3
-5
) 
AD
HD
 d
ia
gn
os
is 
AD
HD
: E
CI
-4
; C
BC
L;
 T
RF
  
Th
e 
In
at
te
nt
iv
e 
gr
ou
p 
w
as
 m
or
e 
so
cia
lly
 a
nd
 la
ng
ua
ge
 im
pa
ire
d 
th
an
 th
e 
Hy
pe
ra
ct
iv
e-
Im
pu
lsi
ve
 g
ro
up
.  
Di
ffe
re
nc
es
 b
et
w
ee
n 
su
bt
yp
es
 a
re
 co
m
pl
ex
, e
ve
n 
w
ith
in
 d
om
ai
ns
 o
f 
fu
nc
tio
ni
ng
 (e
.g
. i
m
pa
irm
en
t i
n 
so
cia
l p
er
fo
rm
an
ce
 v
ar
ie
d 
by
 
m
ea
su
re
 (P
ee
r C
on
fli
ct
 S
ca
le
, C
on
du
ct
 D
iso
rd
er
, a
nd
 S
oc
ia
l D
ef
ici
ts
 
sy
m
pt
om
). 
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 G
eo
rg
ia
de
s 
et
 a
l.,
 2
01
1 
 
CS
; C
lin
ica
l (
N=
33
5)
 n
ew
ly
-
di
ag
no
se
d 
w
ith
 A
SD
. 
Ex
am
in
ed
 p
he
no
ty
pi
c o
ve
rla
p 
be
tw
ee
n 
co
re
 d
ia
gn
os
tic
 fe
at
ur
es
 
an
d 
em
ot
io
na
l/ 
be
ha
vi
or
al
 
pr
ob
le
m
s i
n 
ch
ild
re
n 
w
ith
 A
SD
. 
3.
3y
 (2
–4
) 
 85
%
 b
oy
s 
Em
ot
io
na
l/ 
be
ha
vi
or
al
 
pr
ob
le
m
s i
nc
lu
di
ng
 
at
te
nt
io
n 
pr
ob
le
m
s 
 
AS
D:
 D
SM
-IV
 cr
ite
ria
 a
nd
 A
DO
S 
an
d 
AD
I-R
  
Be
ha
vi
or
al
 p
ro
bl
em
s: 
CB
CL
  
Re
pe
tit
iv
e 
Be
ha
vi
or
 S
ca
le
-R
ev
ise
d 
(R
BS
-R
). 
De
ve
lo
pm
en
ta
l t
es
t/
ad
ap
ta
tio
n:
 M
-P
-R
; 
PL
S-
4;
 V
AB
S 
 
Ch
ild
re
n 
w
ith
 A
SD
 h
ad
 h
ig
h 
sc
or
es
 o
n 
th
e 
W
ith
dr
aw
n,
 A
tte
nt
io
n 
Pr
ob
le
m
s, 
an
d 
Em
ot
io
na
lly
 R
ea
ct
iv
e 
do
m
ai
ns
 co
m
pa
re
d 
to
 th
e 
no
rm
s. 
 
St
ru
ct
ur
e 
of
 th
is 
ex
pa
nd
ed
 A
SD
 cl
in
ica
l p
he
no
ty
pe
 h
ad
 tw
o 
in
de
pe
nd
en
t c
om
po
ne
nt
s: 
Em
ot
io
na
l-B
eh
av
io
ra
l-R
ep
et
iti
ve
 a
nd
 
So
cia
l C
om
m
un
ica
tio
n 
De
fic
its
.  
CB
CL
 W
ith
dr
aw
n 
an
d 
At
te
nt
io
n 
su
bs
ca
le
s l
oa
de
d 
re
la
tiv
el
y 
hi
gh
 o
n 
bo
th
 co
m
po
ne
nt
s. 
 
Ha
rt
le
y 
et
 
al
., 
20
08
  
  
CS
; C
lin
ica
l (
N=
16
9)
 ch
ild
re
n 
w
ith
 
AD
. 
Ex
am
in
ed
 p
re
va
le
nc
e 
of
 cl
in
ica
lly
 
sig
ni
fic
an
t m
al
ad
ap
tiv
e 
be
ha
vi
or
s 
an
d 
ris
k 
fa
ct
or
s i
n 
th
e 
ch
ild
 fo
r 
m
al
ad
ap
tiv
e 
be
ha
vi
or
s. 
 
3.
5y
 (1
.5
–5
.8
) 
 78
%
 b
oy
s 
Em
ot
io
na
l/ 
be
ha
vi
or
al
 
pr
ob
le
m
s i
nc
lu
di
ng
 
at
te
nt
io
n 
pr
ob
le
m
s 
 
Di
ag
no
sis
 A
D:
 co
m
pr
eh
en
siv
e 
as
se
ss
m
en
t 
an
d 
AD
OS
-G
; D
ev
el
op
m
en
ta
l 
te
st
/a
da
pt
at
io
n:
 M
SE
L;
 V
AB
S 
 Co
-m
or
bi
di
ty
: C
BC
L 
1/
3 
of
 ch
ild
re
n 
w
ith
 A
D 
ha
d 
CB
CL
-T
ot
al
 P
ro
bl
em
s s
co
re
 in
 cl
in
ica
l 
ra
ng
e.
 H
ig
he
st
 p
er
ce
nt
ag
e 
of
 cl
in
ica
lly
 si
gn
ifi
ca
nt
 sc
or
es
 w
er
e 
in
 
W
ith
dr
aw
al
, A
tte
nt
io
n,
 a
nd
 A
gg
re
ss
io
n 
CB
CL
 sc
al
es
.  
Cl
in
ica
lly
 si
gn
ifi
ca
nt
 a
tt
en
tio
n 
pr
ob
le
m
s w
er
e 
re
po
rt
ed
 fo
r 3
8.
5%
 o
f 
ch
ild
re
n 
w
ith
 A
D.
  
St
ro
ng
es
t p
re
di
ct
or
 o
f e
xt
er
na
liz
in
g 
be
ha
vi
or
 w
as
 n
on
-v
er
ba
l 
co
gn
iti
ve
 a
bi
lit
y.
  
Ho
ro
vi
tz
 &
 
M
at
so
n,
 
20
15
 
CS
; C
lin
ica
l: 
ea
rly
 in
te
rv
en
tio
n 
sa
m
pl
e 
(N
=2
86
7)
 fo
r 
de
ve
lo
pm
en
ta
l d
el
ay
s i
nc
lu
di
ng
 
m
ed
ica
l c
on
di
tio
ns
 a
nd
 A
SD
. 
 De
ve
lo
pe
d 
ag
e-
ba
se
d 
cu
to
ff 
sc
or
es
 fo
r c
om
or
bi
di
ty
 
qu
es
tio
nn
ai
re
 a
nd
 co
m
pa
re
d 
th
em
 to
 fu
ll-
sa
m
pl
e 
cu
to
ff 
sc
or
es
. 
2.
2y
 (1
.5
–3
.1
) 
 Se
pa
ra
tio
n 
in
 3
 a
ge
 
co
ho
rt
s: 
 
1.
5-
1.
11
 y
,  
2y
- 2
.5
y 
an
d 
 
2.
6y
-3
.1
y 
 
AD
HD
/d
isr
up
tiv
e 
sy
m
pt
om
s  
AS
D 
di
ag
no
sis
: C
BE
 u
sin
g 
DS
M
-IV
 cr
ite
ria
, 
M
-C
HA
T,
 B
DI
-2
 
 AD
HD
/d
isr
up
tiv
e 
sy
m
pt
om
s: 
BI
SC
UI
T-
Pa
rt
 
2  De
ve
lo
pm
en
ta
l t
es
t: 
BD
I-2
 
 
Sy
m
pt
om
s o
f c
o-
m
or
bi
di
ty
 b
ec
am
e 
m
or
e 
pr
on
ou
nc
ed
 a
nd
 e
as
ie
r t
o 
de
te
ct
 w
ith
 a
ge
 in
 to
dd
le
rs
 w
ith
 A
SD
 b
ut
 n
ot
 in
 ch
ild
re
n 
w
ith
 n
on
-
AS
D 
re
la
te
d 
at
yp
ica
l d
ev
el
op
m
en
t. 
 
Hi
gh
es
t c
o-
m
or
bi
di
ty
 d
om
ai
ns
: t
an
tr
um
/ c
on
du
ct
 b
eh
av
io
r a
nd
 
in
at
te
nt
io
n/
 im
pu
lsi
vi
ty
. 
M
ea
n 
BI
SC
UI
T 
In
at
te
nt
io
n/
im
pu
lsi
vi
ty
 sc
or
e 
(A
SD
 v
er
su
s n
on
-A
SD
 
at
yp
ica
l):
  
1.
5-
1.
11
yr
 =
 7
.7
1 
ve
rs
us
 1
.8
9 
2-
2.
5y
r =
 8
.5
9 
ve
rs
us
 2
.2
1 
2.
6-
3.
1y
r =
 1
0.
19
 v
er
su
s 1
.9
2 
Le
ca
va
lie
r e
t 
al
., 
20
11
  
CS
; C
lin
ica
l A
SD
 (N
=2
29
) 
 De
te
rm
in
ed
 if
 th
e 
sy
m
pt
om
s o
f 
AD
HD
, O
DD
, a
nd
 M
oo
d 
ag
gr
eg
at
ed
 in
 a
 m
an
ne
r 
co
ns
ist
en
t w
ith
 D
SM
-IV
 n
os
ol
og
y,
 
us
in
g 
CF
A.
 
4y
 (3
–5
) 
78
%
 b
oy
s 
Co
m
or
bi
di
ty
, i
nc
lu
di
ng
 
AD
HD
 sy
m
pt
om
s  
AS
D:
 C
BE
 u
sin
g 
de
ve
lo
pm
en
ta
l h
ist
or
y,
 
ob
se
rv
at
io
ns
, p
re
vi
ou
s e
va
lu
at
io
ns
, E
CI
-4
;  
37
%
 A
DO
S 
 Co
- m
or
bi
di
ty
: E
CI
-4
.  
 
Co
rr
el
at
io
n 
be
tw
ee
n 
AS
D 
se
ve
rit
y 
an
d 
EC
I-4
 fa
ct
or
s w
er
e 
in
 th
e 
lo
w
 
to
 m
od
er
at
e 
ra
ng
e,
 w
ith
 th
e 
st
ro
ng
es
t a
ss
oc
ia
tio
ns
 w
ith
 A
DH
D-
In
at
te
nt
io
n.
 
 M
os
t s
ym
pt
om
s l
oa
de
d 
on
 th
ei
r r
es
pe
ct
iv
e 
sy
nd
ro
m
es
 w
ith
 th
e 
ex
ce
pt
io
n 
of
 A
DH
D 
Hy
pe
ra
ct
iv
e-
Im
pu
lsi
ve
 fa
ct
or
 (p
os
sib
ly
 d
ue
 to
 
un
de
rr
ep
or
t o
f v
er
ba
l H
A-
Im
pu
lsi
vi
ty
 it
em
s)
.  
M
at
so
n 
et
 
al
., 
20
09
b 
 
CS
; C
lin
ica
l e
ith
er
 a
ut
ism
 o
r P
DD
-
NO
S 
(N
=3
09
) a
nd
 a
ty
pi
ca
l 
de
ve
lo
pi
ng
 ch
ild
re
n 
w
ith
ou
t A
SD
 
(N
=4
61
). 
 
  Ex
am
in
ed
 co
m
or
bi
d 
ps
yc
ho
pa
th
ol
og
y.
  
AS
D 
gr
ou
p:
  
2.
3y
 (1
.5
–3
.1
) 
73
%
 b
oy
s 
 At
yp
ica
l c
on
tr
ol
 
gr
ou
p:
 
2.
2y
 (1
.4
-3
.1
) 
68
.4
%
 b
oy
s 
Ex
te
rn
al
izi
ng
 (i
nc
l. 
AD
HD
) a
nd
 
in
te
rn
al
izi
ng
 p
ro
bl
em
s 
AS
D 
di
ag
no
sis
: C
BE
 u
sin
g 
DS
M
-IV
 cr
ite
ria
, 
M
-C
HA
T,
 B
DI
-2
. 
 AD
HD
 sy
m
pt
om
s: 
BI
SC
UI
T-
Pa
rt
 2
; 
 De
ve
lo
pm
en
ta
l t
es
t: 
BD
I-2
 
 
Al
l f
iv
e 
di
so
rd
er
s (
ta
nt
ru
m
, c
on
du
ct
 b
eh
av
io
r, 
in
at
te
nt
iv
e/
im
pu
lsi
ve
, a
vo
id
an
t b
eh
av
io
r, 
an
xie
ty
/r
ep
et
iti
ve
 a
nd
 
ea
tin
g 
pr
ob
le
m
s/
sle
ep
) w
er
e 
m
or
e 
co
m
m
on
 in
 th
e 
au
tis
m
 g
ro
up
.  
 Ite
m
s r
at
ed
 a
s m
od
er
at
e 
to
 se
ve
re
 p
ro
bl
em
 o
r i
m
pa
irm
en
t f
or
 
> 5
0%
 o
f t
he
 to
ta
l A
SD
 p
op
ul
at
io
n 
fe
ll 
un
de
r t
he
 T
an
tr
um
/C
on
du
ct
 
be
ha
vi
or
 a
nd
 In
at
te
nt
io
n/
Im
pu
lsi
vi
ty
 su
bd
om
ai
ns
.  
M
at
so
n 
et
 
al
., 
20
10
a 
 
 
CS
; N
=3
42
 (A
D=
11
9;
 P
DD
-
NO
S=
11
6;
 D
D 
co
nt
ro
l=
10
7)
; 
Ex
am
in
ed
 co
m
or
bi
d 
ps
yc
ho
pa
th
ol
og
y 
in
 in
fa
nt
s a
nd
 
to
dd
le
rs
 w
ith
 a
ut
ism
 a
nd
 P
DD
-
NO
S.
 
 
Ex
te
rn
al
izi
ng
 (i
nc
l. 
AD
HD
) a
nd
 
in
te
rn
al
izi
ng
 p
ro
bl
em
s 
AS
D 
di
ag
no
sis
: C
BE
 u
sin
g 
DS
M
-IV
 cr
ite
ria
, 
M
-C
HA
T,
 B
DI
-2
. 
Co
m
or
bi
di
ty
: B
IS
CU
IT
-P
ar
t 2
; 
De
ve
lo
pm
en
ta
l t
es
t: 
BD
I-2
 
Di
ffe
re
nc
es
 b
et
w
ee
n 
al
l g
ro
up
s o
n 
al
l f
ac
to
rs
 o
f c
om
or
bi
di
ty
 w
er
e 
sig
ni
fic
an
t a
sid
e 
fro
m
 fa
ct
or
s a
vo
id
an
ce
 b
eh
av
io
r a
nd
 
an
xie
ty
/r
ep
et
iti
ve
 b
eh
av
io
r b
et
w
ee
n 
th
e 
PD
D-
NO
S 
an
d 
co
nt
ro
l 
gr
ou
ps
. T
he
 A
D 
gr
ou
p 
ex
hi
bi
te
d 
th
e 
hi
gh
es
t s
co
re
s o
n 
ea
ch
 o
f t
he
 
su
bs
ca
le
s, 
fo
llo
w
ed
 b
y 
th
e 
PD
D-
NO
S 
gr
ou
p,
 a
nd
 th
e 
co
nt
ro
l g
ro
up
 
sc
or
in
g 
th
e 
lo
w
es
t o
n 
al
l s
ub
sc
al
es
. 
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 M
at
so
n 
et
 
al
., 
20
10
b 
 
CS
; c
lin
ica
l A
SD
 (N
=1
98
)  
Tw
o 
le
ve
ls 
of
 d
ev
el
op
m
en
ta
l q
uo
tie
nt
: 
(1
) l
ow
 (l
es
s t
ha
n 
or
 e
qu
al
 to
 7
0;
 
n 
= 
80
), 
an
d 
(2
) t
yp
ica
l (
gr
ea
te
r 
th
an
 7
0;
 n
 =
 1
18
). 
Ex
am
in
ed
 th
e 
ef
fe
ct
 o
f 
de
ve
lo
pm
en
ta
l q
uo
tie
nt
 o
n 
sy
m
pt
om
s o
f i
na
tte
nt
io
n 
an
d 
im
pu
lsi
vi
ty
. 
 
AD
HD
 sy
m
pt
om
s  
AS
D 
di
ag
no
sis
: C
BE
 u
sin
g 
DS
M
-IV
 cr
ite
ria
, 
M
-C
HA
T,
 B
DI
-2
. 
AD
HD
 sy
m
pt
om
s: 
BI
SC
UI
T-
Pa
rt
 2
; 
De
ve
lo
pm
en
ta
l t
es
t: 
BD
I-2
 
Sy
m
pt
om
s o
f i
na
tte
nt
io
n 
an
d 
im
pu
lsi
vi
ty
: 
BI
SC
IU
T-
Pa
rt
 2
 in
at
te
nt
io
n/
im
pu
lsi
vi
ty
 
su
bs
ca
le
. 
No
 si
gn
ifi
ca
nt
 e
ffe
ct
 o
f d
ev
el
op
m
en
ta
l q
uo
tie
nt
 o
n 
in
at
te
nt
io
n/
im
pu
lsi
vi
ty
 it
em
s w
he
n 
se
ve
rit
y 
of
 A
SD
 w
as
 co
nt
ro
lle
d 
fo
r. 
Se
ve
rit
y 
of
 A
SD
 sy
m
pt
om
s, 
w
as
 si
gn
ifi
ca
nt
ly
 re
la
te
d 
to
 1
2 
of
 th
e 
14
 
in
at
te
nt
io
n/
im
pu
lsi
vi
ty
 it
em
s. 
Ro
na
ld
 e
t a
l.,
 
20
10
  
CS
; P
op
ul
at
io
n,
 tw
in
 d
es
ig
n 
(N
=3
12
 p
ai
rs
 o
f t
w
in
s)
. 
  Ex
am
in
ed
 co
-v
ar
ia
tio
n 
of
 A
SD
 
an
d 
AD
HD
 tr
ai
ts
 a
nd
  e
xt
en
t t
o 
w
hi
ch
 co
-v
ar
ia
tio
n 
is 
ex
pl
ai
ne
d 
by
 
ge
ne
tic
 a
nd
 e
nv
iro
nm
en
ta
l 
in
flu
en
ce
s. 
 
2.
1y
 (S
D=
0.
05
) 
Co
-v
ar
ia
tio
n 
AS
D 
an
d 
AD
HD
 tr
ai
ts
 
Au
tis
tic
 li
ke
 tr
ai
ts
: C
BC
L  
PD
P 
sc
al
e 
(S
oc
ia
l 
Co
m
m
un
ica
tiv
e 
an
d 
No
n-
So
cia
l s
ub
sc
al
es
); 
AD
HD
 tr
ai
ts
: C
BC
L A
DH
P 
su
bs
ca
le
s; 
 
De
ve
lo
pm
en
ta
l t
es
t: 
BS
ID
-II
. 
Au
tis
tic
-li
ke
 tr
ai
ts
 (s
oc
ia
l a
nd
 n
on
so
cia
l s
ub
sc
al
es
) c
or
re
la
te
d 
w
ith
 
AD
HD
 b
eh
av
io
rs
 (r
=0
.2
3–
0.
26
). 
 
Co
-v
ar
ia
tio
n 
w
as
 ca
us
ed
 b
y 
a 
m
od
es
t p
ro
po
rt
io
n 
of
 co
m
m
on
 
ge
ne
tic
 in
flu
en
ce
s (
r=
.2
7)
 a
cr
os
s a
ut
ist
ic 
tr
ai
ts
 a
nd
 A
DH
D 
be
ha
vi
or
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s b
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m
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s. 
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ut
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ai
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l t
ra
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 b
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f b
eh
av
io
r. 
 
Si
ko
ra
 e
t a
l.,
 
20
12
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; C
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l m
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 A
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e 
(N
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al
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te
d 
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en
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m
pt
om
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er
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s p
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-
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ol
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ild
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ra
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r 
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5y
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%
 b
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pl
e 
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ag
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s c
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tiv
e 
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ha
vi
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: V
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iti
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: M
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r S
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%
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f c
hi
ld
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n 
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 1
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er
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ve
r 1
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 o
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f p
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s r
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 p
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n.
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at
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at
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ai
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ai
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 b
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at
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ai
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l c
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at
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ai
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ra
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pa
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s f
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 b
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f c
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 p
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 b
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at
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 p
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pr
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) c
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l c
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 b
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l c
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at
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 o
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l c
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s d
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 p
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l o
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at
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r o
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 m
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t p
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r b
eh
av
io
r p
ro
fil
e.
 
Test-Visser
Processed on: 26-6-2017 PDF page: 70
70
 
 T
ur
ec
k 
et
 a
l.,
 
20
15
  
 
CS
; C
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l: 
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l d
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l c
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at
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 b
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l t
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 p
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; C
lin
ica
l: 
ea
rly
 in
te
rv
en
tio
n 
sa
m
pl
e 
fo
r d
ev
el
op
m
en
ta
l d
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 b
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m
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l t
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ev
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ce
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s f
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0%
, a
nd
 
pr
ev
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s b
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 p
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e 
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m
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e 
pr
ev
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en
ce
 w
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ot
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nt
ly
 d
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en
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n 
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w
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: D
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w
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 T
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as
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os
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R 
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: C
he
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an
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l I
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at
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ut
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d,
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20
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I-R
: T
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m
 d
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w
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, C
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ica
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: L
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ht
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, C
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k E
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., 
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ve
nt
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l B
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Di
La
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re
 P
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20
00
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e A
ut
ism
 D
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n 
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d 
m
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ia
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 c
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m
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 o
f A
ut
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 a
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 D
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ta
l D
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0,
20
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DO
S:
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 C
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tte
r, 
M
., 
Di
La
vo
re
, P
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., 
&
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, S
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00
2)
. A
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S:
 T
he
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ut
ism
 d
ia
gn
os
tic
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tio
n 
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le
. L
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 A
ng
el
es
, C
A:
 W
es
te
rn
 P
sy
ch
ol
og
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l S
er
vi
ce
s. 
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I: 
Ne
w
bo
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20
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tte
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 d
ev
el
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m
en
ta
l i
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to
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iti
on
. I
ta
sc
a,
 IL
: R
iv
er
sid
e.
 B
SI
D-
II,
 B
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le
y,
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(1
99
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y 
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 o
f I
nf
an
t D
ev
el
op
m
en
t (
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d 
ed
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 A
nt
on
io
: T
he
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sy
ch
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og
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l  
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rp
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io
n.
 C
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 C
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s B
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r Q
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 (R
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te
r e
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l.,
 1
97
0)
. R
ut
te
r, 
M
., 
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rd
, J
. &
 W
hi
tm
or
e,
 K
. (
19
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) E
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ca
tio
n,
 
He
al
th
 a
nd
 B
eh
av
io
r. 
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ng
m
an
 G
ro
up
, L
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do
n,
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K.
 C
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 C
hi
ld
re
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s 
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vi
or
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ue
st
io
nn
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re
 (t
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pe
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m
en
t) 
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ot
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t e
t a
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00
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ot
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ar
t, 
M
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., 
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i, 
S.
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., 
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y,
 K
. L
., 
&
 F
ish
er
, P
. (
20
01
). 
In
ve
st
ig
at
io
ns
 o
f 
te
m
pe
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m
en
t a
t t
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 to
 s
ev
en
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: T
he
 C
hi
ld
re
n’
s 
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vi
or
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 D
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m
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t, 
72
(5
), 
13
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 D
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H,
 G
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P:
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g 
ch
ild
re
n’
s 
de
ve
lo
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t u
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g 
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 d
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5,
 3
4:
24
8–
25
5.
CC
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: C
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ld
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19
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ro
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 o
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go
-c
on
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av
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 C
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m
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 p
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y(
Vo
l. 
13
, p
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. H
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al
e,
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m
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: C
hi
ld
re
n’
s P
ro
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he
ck
lis
t. 
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al
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, M
ill
er
, C
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te
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, M
ar
ks
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 H
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pe
rin
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00
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. H
ea
le
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 D
. M
., 
M
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er
, C
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., 
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el
li,
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, M
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, D
. J
., 
&
 H
al
pe
rin
, J
. M
. (
20
08
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Th
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 o
f i
m
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en
t c
rit
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 o
n 
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te
s o
f A
DH
D 
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ag
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le
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. J
ou
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al
 o
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m
al
 C
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 P
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og
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 3
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: G
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et
te
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rs
 C
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 U
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 R
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(1
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rm
at
iv
e 
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 o
n 
Re
vi
se
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er
s 
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nt
 a
nd
 T
ea
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 R
at
in
g 
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 C
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ld
 P
sy
ch
ol
6:
22
1–
23
6D
IS
CO
: W
in
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ek
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m
, S
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. T
he
 d
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 in
te
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w
 f
or
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l a
nd
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m
m
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rd
er
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gr
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nt
er
-ra
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r r
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l u
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. J
ou
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al
 o
f C
hi
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 P
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an
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, p
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 D
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re
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 C
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 p
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ur
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f C
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y,
 J.
, L
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99
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he
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m
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ra
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en
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en
t b
at
te
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ho
ol
 v
er
sio
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 M
ad
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 U
ni
ve
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 o
f W
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on
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. M
-C
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s, 
D.
 L.
, F
ei
n,
 D
., 
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rt
on
, M
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., 
&
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en
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. (
20
01
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Th
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m
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 c
he
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t f
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ut
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 to
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 s
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ve
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 d
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tio
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 a
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e 
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l d
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l o
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 D
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20
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l-P
al
m
er
-re
vi
se
d 
sc
al
es
 o
f d
ev
el
op
m
en
t. 
W
oo
d 
Da
le
, I
L:
 S
to
el
tin
g 
 C
o.
M
SE
L:
 M
ul
le
n 
E.
 M
ul
le
n 
Sc
al
es
 o
f E
ar
ly
 L
ea
rn
in
g:
 A
GS
 E
di
tio
n.
 C
irc
le
 P
in
es
, M
N:
 
Am
er
ica
n 
Gu
id
an
ce
 S
ys
te
m
s; 
19
95
NE
PS
Y:
 K
or
km
an
, M
., 
Ki
rk
, U
., 
&
 K
em
p,
 S
.L
. (
19
98
). 
NE
PS
Y-
A 
de
ve
lo
pm
en
ta
l n
eu
ro
ps
yc
ho
lo
gi
ca
l a
ss
es
sm
en
t m
an
ua
l. 
Sa
n 
An
to
ni
o,
 T
X:
 P
sy
ch
ol
og
ica
l C
or
po
ra
tio
n;
 K
or
km
an
, M
., 
Ki
rk
, U
., 
&
 
Ke
m
p,
 S
. (
20
07
). 
NE
PS
Y-
II 
cli
ni
ca
l a
nd
 in
te
rp
re
tiv
e 
m
an
ua
l. 
Sa
n 
An
to
ni
o,
 T
X:
 P
sy
ch
ol
og
ica
l C
or
po
ra
tio
n.
 P
AP
A:
 E
gg
er
 H
L,
 E
rk
an
li 
A,
 K
ee
le
r G
, P
ot
ts
 E
, W
al
te
r B
K,
 A
ng
ol
d 
A:
 T
es
t-r
et
es
t r
el
ia
bi
lit
y 
of
 th
e 
Pr
es
ch
oo
l A
ge
 P
sy
ch
ia
tr
ic 
As
se
ss
m
en
t (
PA
PA
). 
J A
m
 A
ca
d 
Ch
ild
 A
do
le
sc
 P
sy
ch
ia
tr
y 
20
06
, 4
5:
53
8–
54
9.
PK
BS
: M
er
re
ll 
KW
 (1
99
4)
, P
re
sc
ho
ol
 a
nd
 K
in
de
rg
ar
te
n 
Be
ha
vi
or
 S
ca
le
s.
 B
ra
nd
on
, V
T:
Cl
in
ica
l P
sy
ch
ol
og
y 
Pu
bl
ish
in
g 
Co
m
pa
ny
PL
S-
4:
 Z
im
m
er
m
an
, I
., 
St
ei
ne
r, 
V.
, &
 P
on
d,
 R
. E
. (
20
02
). 
Pr
es
ch
oo
l la
ng
ua
ge
 sc
al
e,
 fo
ur
th
 e
di
tio
n 
(P
LS
-4
). 
Sa
n 
An
to
ni
o,
 T
X:
 T
he
 P
sy
ch
ol
og
ica
l C
or
po
ra
tio
n.
 R
BS
: B
od
fis
h,
 J.
W
., 
Sy
m
on
s, 
F.
, &
 Le
w
is,
 M
. (
19
99
). 
Th
e 
re
pe
tit
iv
e 
be
ha
vi
or
 sc
al
e:
 T
es
t m
an
ua
l. 
M
or
ga
nt
on
: W
es
te
rn
 C
ar
ol
in
a 
Ce
nt
er
 R
es
ea
rc
h 
Re
po
rt
s. 
Bo
df
ish
, J
. W
., 
Sy
m
on
s, 
F.
 J.
, P
ar
ke
r, 
D.
 E
., 
&
 Le
w
is,
 M
. H
. (
20
00
). 
Va
rie
tie
s i
n 
re
pe
tit
iv
e 
be
ha
vi
ou
r i
n 
au
tis
m
. J
ou
rn
al
 o
f A
ut
ism
 a
nd
 D
ev
el
op
m
en
ta
l D
iso
rd
er
s, 
30
, 2
37
–
24
3.
SB
IS
: R
oi
d 
G 
(2
00
3)
. S
BI
S:
 S
ta
nf
or
d-
Bi
ne
t I
nt
el
lig
en
ce
 S
ca
le
 5
th
 e
d.
 C
hi
ca
go
, I
L:
 R
iv
er
sid
e;
 2
00
3.
SC
DC
: S
ku
se
 D
, M
an
dy
 W
, S
co
ur
fie
ld
 J.
 M
ea
su
rin
g 
au
tis
tic
 tr
ai
ts
: h
er
ita
bi
lit
y,
 r
el
ia
bi
lit
y 
an
d 
va
lid
ity
 o
f t
he
 S
oc
ia
l a
nd
 
Co
m
m
un
ica
tio
n 
Di
so
rd
er
s C
he
ck
lis
t. 
Br
 J 
Ps
yc
hi
at
ry
. 2
00
5;
18
7:
56
8-
57
2.
SC
I: 
Ry
de
ll,
 A
-M
., 
Ha
ge
ku
ll,
 B
. &
 B
oh
lin
, G
. (
19
97
) M
ea
su
re
m
en
t o
f t
w
o 
so
cia
l c
om
pe
te
nc
e 
as
pe
ct
s i
n 
m
id
dl
e 
ch
ild
ho
od
. D
ev
el
op
m
en
ta
l P
sy
ch
ol
og
y,
 3
3,
 
82
4–
83
3.
SD
Q
: G
oo
dm
an
 R
. T
he
 S
tr
en
gt
hs
 a
nd
 D
iff
icu
lti
es
 Q
ue
st
io
nn
ai
re
: a
 re
se
ar
ch
 n
ot
e.
 J 
Ch
ild
 P
sy
ch
ol
 P
sy
ch
ia
tr
y.
 1
99
7;
38
:5
81
-5
86
.T
AB
C-
R:
 M
ar
tin
, R
.P
., 
&
 B
rid
ge
r, 
R.
C.
 (1
99
8)
. T
em
pe
ra
m
en
ta
l A
ss
es
sm
en
t B
at
te
ry
 fo
r 
Ch
ild
re
n 
– 
re
vi
se
d:
 A
 to
ol
 fo
r t
he
 a
ss
es
sm
en
t o
f t
em
pe
ra
m
en
ta
l t
ra
its
 a
nd
 ty
pe
s o
f y
ou
ng
 ch
ild
re
n.
 B
ra
nd
on
, V
T:
 C
lin
ica
l P
sy
ch
ol
og
y P
ub
lis
hi
ng
 C
o.
 V
AB
S:
 S
pa
rr
ow
, S
. S
., 
Ci
cc
he
tti
, D
. V
., 
&
 B
al
la
, D
. A
. (
20
05
). 
Vi
ne
la
nd
 a
da
pt
iv
e 
be
ha
vi
or
 sc
al
es
: S
ec
on
d 
ed
iti
on
 (V
in
el
an
d 
II)
 su
rv
ey
 in
te
rv
ie
w
 fo
rm
/c
ar
eg
iv
er
 ra
tin
g 
fo
rm
. L
iv
on
ia
, M
N:
 P
ea
rs
on
 A
ss
es
sm
en
ts
. W
PS
SI
-R
: W
ec
hs
le
r, 
D.
 (1
98
9)
. W
ec
hs
le
r P
rim
ar
y 
&
 P
re
sc
ho
ol
 S
ca
le
 o
f I
nt
el
lig
en
ce
(R
ev
ise
d 
ed
.).
 
Sa
n 
An
to
ni
o,
 T
X:
 T
he
 P
sy
ch
ol
og
ica
l C
or
po
ra
tio
n.
 W
PS
SI
-II
I: 
W
ec
hs
le
r, 
D.
 (2
00
2)
. W
ec
hs
le
r P
re
sc
ho
ol
 a
nd
 P
rim
ar
y 
Sc
al
e 
of
 In
te
lli
ge
nc
e(
3r
d 
ed
.).
 S
an
 A
nt
on
io
, T
X:
 T
he
 P
sy
ch
ol
og
ica
l C
or
po
ra
tio
n.
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  Ap
pe
nd
ix
 T
ab
le
 2
. E
xe
cu
tiv
e 
fu
nc
tio
n 
in
 st
ud
ie
s w
ith
 y
ou
ng
 ch
ild
re
n 
w
ith
 A
SD
 o
r A
DH
D 
(tr
ai
ts
). 
 
Re
fe
re
nc
es
   
Sa
m
pl
e 
 
Ag
e 
ra
ng
e 
(M
ea
n)
 
in
 y
ea
rs
  
Do
m
ai
n(
s)
 in
ve
st
ig
at
ed
 
As
se
ss
m
en
t a
nd
 d
ia
gn
os
tic
 
M
ai
n 
fin
di
ng
s  
Be
rw
id
 e
t a
l.,
 2
01
3 
 
CS
; P
op
ul
at
io
n:
 o
ve
r 
re
cr
ui
te
d 
hi
gh
 in
 A
DH
D 
sy
m
pt
om
s: 
Hy
pe
ra
ct
iv
e/
 
in
at
te
nt
iv
e 
(H
I) 
(n
= 
14
8)
 
or
 co
nt
ro
l (
n=
 1
20
). 
Ex
am
in
e 
w
he
th
er
 A
DH
D 
sy
m
pt
om
s a
re
 a
ss
oc
ia
te
d 
w
ith
 a
n 
ea
rly
-e
m
er
gi
ng
 
de
fic
it 
in
 p
os
t e
rr
or
 
slo
w
in
g.
 
4.
4y
 (3
.0
 -5
.4
) 
 HI
 7
6.
4%
 b
oy
s 
Co
nt
ro
l 6
0 
%
 b
oy
s  
 
Re
sp
on
se
 m
on
ito
rin
g 
(p
os
t e
rr
or
 sl
ow
in
g)
 
AD
HD
: D
SM
-IV
 T
R;
 (i
nc
lu
di
ng
 it
em
s 
re
le
va
nt
 to
 fi
ve
 b
eh
av
io
ra
l d
om
ai
ns
: 
At
te
nt
io
n,
 A
ct
iv
ity
 Le
ve
l, 
Im
pu
lsi
vi
ty
, 
Af
fe
ct
, a
nd
 S
oc
ia
bi
lit
y)
. 
Co
m
pu
te
riz
ed
 P
er
ce
pt
ua
l a
nd
 M
ot
or
 
Co
nf
lic
t T
es
t, 
m
od
ifi
ed
 fo
r u
se
 w
ith
 
yo
un
g 
ch
ild
re
n;
 
IQ
: I
nf
or
m
at
io
n 
su
bt
es
t o
f W
PP
SI
-R
; o
r 
W
PP
SI
-II
I. 
HI
 ch
ild
re
n 
ex
hi
bi
te
d 
re
du
ce
d 
po
st
 e
rr
or
 sl
ow
in
g 
re
la
tiv
e 
to
 co
nt
ro
ls 
on
 th
e 
tr
ia
ls 
se
le
ct
ed
 fo
r a
na
ly
sis
.  
Su
pp
le
m
en
ta
ry
 a
na
ly
se
s r
ev
ea
le
d 
th
at
 th
is 
m
ig
ht
 h
av
e 
be
en
 d
ue
 to
 
re
du
ce
d 
pr
op
or
tio
n 
of
 tr
ia
ls 
fo
llo
w
in
g 
er
ro
rs
 o
n 
w
hi
ch
 H
I c
hi
ld
re
n 
slo
w
ed
 ra
th
er
 th
an
 d
ue
 to
 a
 re
du
ct
io
n 
in
 th
e 
ab
so
lu
te
 m
ag
ni
tu
de
 o
f 
slo
w
in
g 
on
 a
ll 
tr
ia
ls 
fo
llo
w
in
g 
er
ro
rs
. T
he
 re
su
lts
 th
us
 su
gg
es
t t
ha
t 
th
is 
de
fic
it 
is 
pe
rh
ap
s m
or
e 
a 
re
su
lt 
of
 fa
ilu
re
s t
o 
pe
rc
ei
ve
 e
rr
or
s 
th
an
 o
f d
iff
icu
lti
es
 w
ith
 e
xe
cu
tiv
e 
co
nt
ro
l. 
Da
w
so
n 
et
 a
l.,
 2
00
2 
 
CS
; C
lin
ica
l; 
AS
D 
(n
=7
2)
; 
ch
ild
re
n 
w
ith
 D
D 
(n
=3
4)
; 
ty
pi
ca
lly
 d
ev
el
op
in
g 
ch
ild
re
n 
m
at
ch
ed
 o
n 
m
en
ta
l a
ge
 (n
=3
9)
. 
 Ex
am
in
ed
 E
F 
in
 ch
ild
re
n 
w
ith
 A
SD
, a
nd
 w
he
th
er
 
EF
 p
er
fo
rm
an
ce
 is
 
co
rr
el
at
ed
 w
ith
 A
SD
 
sy
m
pt
om
s, 
an
d 
jo
in
t 
at
te
nt
io
n 
ab
ili
ty
. 
Cl
in
ica
l: 
3-
4y
 
Co
nt
ro
l: 
1-
 3
.8
y 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
 (E
F)
 
AS
D:
 A
DI
-R
; A
DO
S-
G;
 cl
in
ica
l j
ud
gm
en
t o
f 
di
ag
no
sis
 b
as
ed
 o
n 
DS
M
-IV
. 
 EF
: V
en
tro
m
ed
ia
l P
re
fro
nt
al
 (V
M
PC
) 
ta
sk
s: 
De
la
ye
d 
no
nm
at
ch
in
g 
to
 sa
m
pl
e 
an
d 
Ob
je
ct
 d
isc
rim
in
at
io
n 
re
ve
rs
al
. 
Do
rs
ol
at
er
al
 P
re
fro
nt
al
 (D
LP
C)
 ta
sk
s: 
A 
no
t B
 ta
sk
; A
 n
ot
 B
 w
ith
 in
vis
ib
le
 
di
sp
la
ce
m
en
t; 
Sp
at
ia
l r
ev
er
sa
l. 
 
Ch
ild
re
n 
w
ith
 A
SD
 p
er
fo
rm
ed
 si
m
ila
rly
 to
 co
m
pa
ris
on
 g
ro
up
s o
n 
al
l 
EF
 ta
sk
s. 
 
 Ch
ild
re
n 
w
ith
 A
SD
 p
er
fo
rm
ed
 w
or
se
 o
n 
th
e 
jo
in
t a
tte
nt
io
n 
ta
sk
s t
ha
n 
di
d 
ch
ild
re
n 
w
ith
 D
D 
an
d 
ty
pi
ca
l d
ev
el
op
m
en
t. 
 
 VM
PC
 ta
sk
 p
er
fo
rm
an
ce
 w
as
 re
la
te
d 
to
 jo
in
t a
tte
nt
io
n 
ab
ili
ty
, e
ve
n 
af
te
r c
on
tr
ol
lin
g 
fo
r e
ffe
ct
s o
f m
en
ta
l a
ge
 a
nd
 le
ve
l o
n 
jo
in
t a
tt
en
tio
n 
ab
ili
ty
. D
LP
C 
ta
sk
 p
er
fo
rm
an
ce
 w
as
 n
ot
 re
la
te
d 
to
 jo
in
t a
tte
nt
io
n 
 
Ve
nt
ro
m
ed
ia
l, 
bu
t n
ot
 d
or
so
la
te
ra
l, 
pr
ef
ro
nt
al
 ta
sk
 p
er
fo
rm
an
ce
 w
as
 
st
ro
ng
ly
 co
rr
el
at
ed
 w
ith
 jo
in
t a
tt
en
tio
n 
ab
ili
ty
. 
He
al
ey
 e
t a
l.,
 2
01
1 
 
CS
; P
op
ul
at
io
n 
ov
er
 
re
cr
ui
te
d 
fo
r A
DH
D:
  (
n=
 
14
0)
 h
yp
er
ac
tiv
e/
 
in
at
te
nt
iv
e;
 ty
pi
ca
lly
 
de
ve
lo
pi
ng
 (n
= 
76
). 
 In
ve
st
ig
at
ed
 th
e 
m
od
er
at
in
g 
ef
fe
ct
s o
f 
co
gn
iti
ve
 fu
nc
tio
ni
ng
 o
n 
re
la
tio
ns
hi
p 
be
tw
ee
n 
ne
ga
tiv
e 
em
ot
io
na
lit
y 
an
d 
AD
HD
 se
ve
rit
y.
  
4.
3y
 (3
–4
) 
Ne
ur
oc
og
ni
tiv
e 
fu
nc
tio
ni
ng
 
(A
tte
nt
io
n/
Ex
ec
ut
iv
e,
 
La
ng
ua
ge
, M
em
or
y,
 
Se
ns
or
im
ot
or
, a
nd
 
Vi
su
os
pa
tia
l).
 
 Te
m
pe
ra
m
en
t (
ne
ga
tiv
e 
em
ot
io
na
lit
y)
 
 
Ne
ur
op
sy
ch
ol
og
ica
l t
es
t: 
NE
PS
Y;
 
 Ne
ga
tiv
e 
em
ot
io
na
lit
y:
 T
AB
C-
R;
  
 AD
HD
: A
DH
D-
RS
-IV
 
Hi
gh
 le
ve
ls 
of
 n
eg
at
iv
e 
em
ot
io
na
lit
y 
w
er
e 
as
so
cia
te
d 
w
ith
 h
ig
he
r 
AD
HD
 se
ve
rit
y 
an
d 
lo
w
er
 V
er
ba
l &
 E
xe
cu
tiv
e 
Fu
nc
tio
ns
 a
nd
 
Pe
rc
ep
tu
al
-M
ot
or
 &
 E
xe
cu
tiv
e 
Fu
nc
tio
ns
. 
Bo
th
 n
eg
at
iv
e 
em
ot
io
na
lit
y 
an
d 
Pe
rc
ep
tu
al
-M
ot
or
 &
 E
xe
cu
tiv
e 
Fu
nc
tio
ns
 a
cc
ou
nt
ed
 fo
r s
ig
ni
fic
an
t u
ni
qu
e 
va
ria
nc
e 
in
 A
DH
D 
sy
m
pt
om
 se
ve
rit
y.
 
 In
 th
e 
co
nt
ex
t o
f s
ev
er
e 
te
m
pe
ra
m
en
ta
l n
eg
at
iv
e 
em
ot
io
na
lit
y 
st
ro
ng
 n
eu
ro
co
gn
iti
ve
 a
bi
lit
ie
s d
o 
no
t s
ee
m
 a
s p
ro
te
ct
iv
e 
w
ith
 re
ga
rd
 
to
 A
DH
D 
sy
m
pt
om
s. 
W
ith
 le
ss
 se
ve
re
 n
eg
at
iv
e 
em
ot
io
na
lit
y,
 st
ro
ng
 
ne
ur
oc
og
ni
tiv
e 
ab
ili
tie
s p
la
ce
 ch
ild
re
n 
at
 a
 cl
ea
r a
dv
an
ta
ge
 in
 
re
la
tio
n 
to
 A
DH
D 
se
ve
rit
y.
 
Ki
m
hi
 e
t a
l.,
 2
01
4 
CS
; c
lin
ica
l; 
AS
D 
(n
=2
9)
; 
TD
 (n
=3
0)
. 
 1)
 C
om
pa
re
d 
ch
ild
re
n 
w
ith
 A
SD
 a
nd
 w
ith
 T
D 
on
 
tw
o 
EF
 a
bi
lit
ie
s a
nd
 o
n 
tw
o 
To
M
 ta
sk
s; 
2)
 te
st
 
lin
ks
 E
F 
w
ith
 T
oM
.  
AS
D:
 4
.9
y 
(S
D=
11
) 
TD
: 4
.6
 (S
D=
11
) 
 86
%
 b
oy
s 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
: 
sh
ift
in
g 
an
d 
pl
an
ni
ng
 
AS
D:
 D
SM
-IV
 cr
ite
ria
 a
nd
 A
DI
-R
 
 De
ve
lo
pm
en
ta
l t
es
t: 
M
SE
L;
 
 EF
: s
hi
fti
ng
 (F
IS
T)
; p
la
nn
in
g 
(T
OL
); 
 To
M
: u
ne
xp
ec
te
d 
lo
ca
tio
n 
an
d 
fa
lse
 
be
lie
f t
as
k.
 
In
te
lle
ct
ua
lly
 a
bl
e 
ch
ild
re
n 
w
ith
 A
SD
 d
em
on
st
ra
te
d 
di
ffi
cu
lti
es
 o
n 
EF
 
(c
og
ni
tiv
e 
sh
ift
in
g 
an
d 
pl
an
ni
ng
) a
bi
lit
ie
s a
nd
 o
n 
m
os
t T
oM
 
pr
ed
ict
io
n 
an
d 
ex
pl
an
at
io
n 
ab
ili
tie
s, 
re
la
tiv
e 
to
 m
at
ch
ed
 ty
pi
ca
lly
 
de
ve
lo
pi
ng
 p
re
sc
ho
ol
 a
ge
 ch
ild
re
n.
  
 In
 b
ot
h 
gr
ou
ps
, E
F 
pl
an
ni
ng
 a
nd
 co
gn
iti
ve
 sh
ift
in
g 
as
 w
el
l a
s V
IQ
 
co
nt
rib
ut
ed
 to
 b
et
te
r T
oM
 e
xp
la
na
tio
n 
an
d 
pr
ed
ict
io
n 
ab
ili
tie
s. 
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 M
ar
te
l e
t a
l.,
 2
01
3 
 
CS
, p
op
ul
at
io
n 
ov
er
 
re
cr
ui
te
d,
 N
=9
8 
di
vi
de
d 
in
 2
 g
ro
up
s v
ia
 m
ul
tis
ta
ge
 
sc
re
en
in
g:
 D
BD
 (n
 =
 7
4)
, 
in
clu
di
ng
 A
DH
D-
on
ly 
(n
 =
 
17
), 
OD
D-
on
ly 
(n
 =
 1
8)
, 
an
d 
AD
HD
+O
DD
 (n
 =
 3
9)
; 
an
d 
ch
ild
re
n 
w
ith
ou
t 
DB
D 
(n
 =
24
). 
 Ev
al
ua
te
d 
as
so
cia
tio
n 
be
tw
ee
n 
co
nt
ro
l 
pr
oc
es
se
s a
nd
 A
DH
D 
an
d 
Op
po
sit
io
na
l D
ef
ia
nt
 
Di
so
rd
er
. 
4.
3y
 (3
-6
) 
 57
%
 b
oy
s 
Co
gn
iti
ve
 co
nt
ro
l (
EF
) 
 Te
m
pe
ra
m
en
t (
Af
fe
ct
iv
e 
co
nt
ro
l a
nd
 e
ffo
rt
fu
l 
co
nt
ro
l) 
Co
gn
iti
ve
 co
nt
ro
l: 
Re
sp
on
se
 in
hi
bi
tio
n 
(S
ha
pe
 S
ch
oo
l);
 si
m
pl
e 
an
d 
co
m
pl
ex
 
w
or
ki
ng
 m
em
or
y 
(b
ac
kw
ar
d 
di
gi
t s
pa
n)
; 
se
t-s
hi
fti
ng
 (a
da
pt
at
io
n 
of
 T
RA
IL
S-
P)
;  
 Te
m
pe
ra
m
en
t: 
Af
fe
ct
iv
e 
co
nt
ro
l: 
CC
Q
; 
LA
BT
AB
 (g
ift
 d
el
ay
); 
Ef
fo
rt
fu
l c
on
tr
ol
: 
co
m
po
sit
e 
sc
al
e 
sc
or
e 
on
 C
BQ
  
  
Af
fe
ct
iv
e 
co
nt
ro
l, 
bu
t n
ot
 e
ffo
rt
fu
l c
on
tr
ol
, w
as
 a
ss
oc
ia
te
d 
w
ith
 
co
gn
iti
ve
 co
nt
ro
l. 
 
De
cr
ea
se
d 
af
fe
ct
iv
e 
co
nt
ro
l (
gi
ft 
de
la
y 
ta
sk
) w
as
 a
ss
oc
ia
te
d 
w
ith
 
in
cr
ea
se
d 
pa
re
nt
- a
nd
 te
ac
he
r-r
at
ed
 A
DH
D 
sy
m
pt
om
s, 
sp
ec
ifi
ca
lly
 
in
at
te
nt
io
n 
(p
ar
en
ts
) a
nd
 h
yp
er
ac
tiv
ity
-im
pu
lsi
vi
ty
 (p
ar
en
ts
 a
nd
 
te
ac
he
rs
). 
W
or
se
 re
sp
on
se
 in
hi
bi
tio
n 
an
d 
w
or
ki
ng
 m
em
or
y 
w
as
 
as
so
cia
te
d 
w
ith
 in
cr
ea
se
d 
(te
ac
he
r-r
at
ed
 in
at
te
nt
iv
e 
AD
HD
 
sy
m
pt
om
s, 
no
t p
ar
en
t r
at
ed
 sy
m
pt
om
s. 
W
or
se
 se
t-s
hi
fti
ng
 w
as
 
as
so
cia
te
d 
w
ith
 in
cr
ea
se
d 
AD
HD
 sy
m
pt
om
s a
nd
 in
at
te
nt
io
n 
(p
ar
en
ts
 
an
d 
te
ac
he
rs
). 
M
ill
er
 e
t a
l.,
 2
01
3 
 
LG
; P
op
ul
at
io
n 
ov
er
 
re
cr
ui
te
d 
fo
r A
DH
D 
(N
=2
14
): 
hi
gh
 in
 A
DH
D 
(n
=1
38
); 
lo
w
 in
 A
DH
D 
(n
=7
6)
. 
 Ex
am
in
ed
 re
la
tio
ns
hi
p 
be
tw
ee
n 
te
m
pe
ra
m
en
t, 
ne
ur
oc
og
ni
tiv
e 
te
st
in
g 
an
d 
AD
HD
 (v
ia
 p
ar
en
ts
 
an
d 
te
ac
he
rs
), 
bo
th
 a
t 
ba
se
lin
e 
an
d 
1 
ye
ar
 la
te
r. 
Ti
m
e 
1=
 4
.3
y 
(3
.0
-
5.
0)
 
Ti
m
e 
2=
 5
.4
y 
 73
%
 b
oy
s 
Te
m
pe
ra
m
en
t 
AD
HD
: (
AD
HD
-R
S 
IV
) ;
 
 Te
m
pe
ra
m
en
t: 
CB
Q
. 
 Ne
ur
op
sy
ch
ol
og
ica
l t
es
t: 
NE
PS
Y 
La
te
nt
 fa
ct
or
 o
f c
og
ni
tiv
e 
co
nt
ro
l: 
At
te
nt
io
n-
Ex
ec
ut
iv
e 
do
m
ai
n 
(N
EP
SY
), 
an
d 
Ef
fo
rt
fu
l C
on
tr
ol
 in
de
x (
CB
Q
). 
La
te
nt
 fa
ct
or
 st
im
ul
us
-d
riv
en
 p
ro
ce
ss
in
g:
 
Im
pu
lsi
vi
ty
 a
nd
 
Hi
gh
 In
te
ns
ity
 P
le
as
ur
e 
(C
BQ
) 
Co
gn
iti
ve
 co
nt
ro
l p
ro
ce
ss
es
, b
ut
 n
ot
 st
im
ul
us
-d
riv
en
 p
ro
ce
ss
es
, w
er
e 
re
la
te
d 
to
 in
at
te
nt
io
n 
an
d 
hy
pe
ra
ct
iv
ity
 a
t b
as
el
in
e 
an
d 
at
 fo
llo
w
 u
p.
 
In
 co
nt
ra
st
, s
tim
ul
us
-d
riv
en
 p
ro
ce
ss
es
, w
er
e 
re
la
te
d 
on
ly
 to
 
hy
pe
ra
ct
iv
ity
 sy
m
pt
om
s l
on
gi
tu
di
na
lly
. 
 Ov
er
al
l, 
th
e 
re
su
lts
 su
gg
es
t t
ha
t A
DH
D 
an
d 
its
 co
ur
se
 o
ve
r 
de
ve
lo
pm
en
t m
ay
 b
e 
hi
gh
ly
 in
flu
en
ce
d 
by
 d
ist
in
ct
 n
eu
ra
l 
m
ec
ha
ni
sm
s a
ss
oc
ia
te
d 
w
ith
 co
gn
iti
ve
 co
nt
ro
l a
nd
 st
im
ul
us
-d
riv
en
 
pr
oc
es
sin
g.
 
No
la
nd
 e
t a
l.,
 2
01
0 
 
LG
; A
SD
-s
ib
s (
n=
25
); 
TD
-
sib
s (
n=
30
). 
 Co
m
pa
re
d 
w
or
ki
ng
 
m
em
or
y 
(W
M
) f
or
 
lo
ca
tio
n 
of
 so
cia
l v
s. 
no
n-
so
cia
l t
ar
ge
ts
 in
 in
fa
nt
 
sib
s-
AS
D 
(n
=2
5)
 a
nd
 
ty
pi
ca
lly
 d
ev
el
op
in
g 
ch
ild
re
n 
(s
ib
s-
TD
, n
=3
0)
 
at
 6
.5
 a
nd
 9
 m
on
th
s o
f 
ag
e.
  
6.
6m
 v
isi
t: 
Ag
e 
+ 
6,
6m
  
(S
D 
+ 
7d
ay
s)
 
 AS
D-
sib
s n
=1
9 
 
73
%
 b
oy
s 
TD
-s
ib
s n
=2
2 
74
%
 b
oy
s 
 9m
 v
isi
t: 
9.
2m
  
(S
D 
+ 
11
da
ys
) 
 AS
D-
sib
s n
=2
3 
 
52
%
 b
oy
s 
TD
-s
ib
s n
=2
9 
52
%
 b
oy
s 
W
or
ki
ng
 m
em
or
y  
 La
te
r A
SD
 d
ia
gn
os
is 
of
 
sib
s-
AS
D 
no
t t
es
te
d.
 
AS
D-
sib
s: 
sib
lin
gs
 o
f c
hi
ld
re
n 
w
ith
 A
SD
 
(la
te
r A
SD
 d
ia
gn
os
is 
w
as
 n
ot
 te
st
ed
); 
 W
M
: t
as
k 
th
at
 ch
al
le
ng
ed
 in
fa
nt
s t
o 
re
m
em
be
r l
oc
at
io
n 
of
 so
cia
l a
nd
 n
on
-
so
cia
l t
ar
ge
ts
, a
nd
 to
 u
pd
at
e 
th
ei
r W
M
 
ac
ro
ss
 se
qu
en
ce
 o
f t
ria
ls 
in
vo
lv
in
g 
th
re
e 
di
ffe
re
nt
 lo
ca
tio
ns
 sa
m
pl
ed
 w
ith
 
re
pl
ac
em
en
t-d
el
ay
ed
-re
sp
on
se
 ta
sk
 (a
 
m
od
ifi
ca
tio
n 
of
 th
e 
pe
ek
-a
-b
oo
 g
am
e)
. 
Th
er
e 
w
as
 a
 si
gn
ifi
ca
nt
 in
te
ra
ct
io
n 
of
 ri
sk
 g
ro
up
 a
nd
 ta
rg
et
-ty
pe
 o
n 
W
M
: t
he
 si
bs
-A
SD
 h
ad
 b
et
te
r W
M
 fo
r n
on
-s
oc
ia
l t
ar
ge
ts
 a
s 
co
m
pa
re
d 
to
 co
nt
ro
ls.
 T
he
re
 w
as
 n
o 
gr
ou
p 
by
 st
im
ul
us
 in
te
ra
ct
io
n 
on
 tw
o 
no
n-
m
em
or
y 
m
ea
su
re
s. 
 Th
e 
re
su
lts
 su
gg
es
t t
ha
t t
he
 in
cr
ea
se
d 
co
m
pe
te
nc
y 
of
 si
bs
-A
SD
 in
 
W
M
 (c
re
at
in
g,
 u
pd
at
in
g,
 a
nd
 u
sin
g 
tr
an
sie
nt
 re
pr
es
en
ta
tio
ns
) f
or
 
no
n-
so
cia
l s
tim
ul
i d
ist
in
gu
ish
es
 th
em
 fr
om
 si
bs
-T
D 
by
 9
 m
on
th
s o
f 
ag
e.
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 P
au
li-
Po
tt 
et
 a
l.,
 
20
13
  
CS
; p
op
ul
at
io
n:
 N
=1
30
  
HR
 A
DH
D 
20
%
 (n
 =
 2
6)
. 
 In
ve
st
ig
at
ed
 to
 w
ha
t 
ex
te
nt
 e
xe
cu
tiv
e 
In
hi
bi
to
ry
 C
on
tr
ol
 (I
C)
 
an
d 
de
la
y 
av
er
sio
n 
(D
A)
 
m
ed
ia
te
 a
ss
oc
ia
tio
ns
 o
f 
fa
m
ili
al
, p
re
na
ta
l, 
an
d 
ps
yc
ho
so
cia
l r
isk
s w
ith
 
AD
HD
. 
3-
6y
 
 50
%
 b
oy
s 
 
Ex
ec
ut
iv
e 
IC
 a
nd
 d
el
ay
 
Av
er
sio
n 
 Fa
m
ili
al
, p
re
na
ta
l, 
an
d 
ps
yc
ho
so
cia
l r
isk
s 
AD
HD
: s
tr
uc
tu
re
d 
in
te
rv
ie
w
s a
nd
 
qu
es
tio
nn
ai
re
s c
om
pl
et
ed
 b
y 
pa
re
nt
s 
an
d 
te
ac
he
rs
. 
 Pr
en
at
al
 ri
sk
s: 
m
ed
ica
l r
ec
or
ds
. 
Ps
yc
ho
so
cia
l r
isk
s: 
st
ru
ct
ur
ed
 in
te
rv
ie
w
.  
 Ne
ur
op
sy
ch
ol
og
ica
l t
as
ks
 o
n 
IC
 
(in
hi
bi
to
ry
 co
nt
ro
l) 
an
d 
DA
 (d
el
ay
 
av
er
sio
n)
 
Fa
m
ili
al
, p
re
na
ta
l, 
an
d 
ps
yc
ho
so
cia
l r
isk
s w
er
e 
sig
ni
fic
an
tly
 
as
so
cia
te
d 
w
ith
 A
DH
D 
sy
m
pt
om
s. 
IC
 a
nd
 D
A 
al
so
 co
rr
el
at
ed
 
sig
ni
fic
an
tly
 w
ith
 A
DH
D 
sy
m
pt
om
s. 
 
 W
hi
le
 fa
m
ili
al
 ri
sk
 si
gn
ifi
ca
nt
ly
 co
rr
el
at
ed
 w
ith
 IC
 a
nd
 D
A,
 
ps
yc
ho
so
cia
l a
nd
 p
re
na
ta
l r
isk
s w
er
e 
on
ly
 w
ea
kl
y 
as
so
cia
te
d 
w
ith
 
th
es
e 
m
ea
su
re
s. 
Th
e 
lin
k 
be
tw
ee
n 
th
e 
 fa
m
ili
al
 ri
sk
 a
nd
 A
DH
D 
sy
m
pt
om
s w
as
 p
ar
tia
lly
 m
ed
ia
te
d 
by
 IC
 a
nd
 D
A.
 
In
 co
nt
ra
st
, p
re
na
ta
l a
nd
 p
sy
ch
os
oc
ia
l r
isk
s w
er
e 
la
rg
el
y 
in
de
pe
nd
en
t 
of
 IC
 a
nd
 D
A.
 
Pe
lli
ca
no
, 2
01
0 
LG
; c
lin
ica
l: 
N=
45
: A
D 
(n
=3
1)
;P
DD
-N
OS
 (n
=1
2)
; 
As
pe
rg
er
 (n
=2
). 
 Ex
am
in
ed
 re
la
tio
ns
hi
ps
 
am
on
g 
th
eo
ry
 o
f m
in
d 
(T
oM
) a
nd
 e
xe
cu
tiv
e 
fu
nc
tio
n 
(E
F)
 in
 A
SD
. 
T1
: 5
.6
y 
(4
.1
-7
.3
) 
 T2
: 3
 y
ea
rs
 la
te
r 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
: 
 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
: 
T1
: p
la
nn
in
g 
ab
ilit
y 
(T
OL
, M
az
es
 ta
sk
s)
, 
co
gn
iti
ve
 fl
ex
ib
ili
ty
 (s
et
-s
hi
fti
ng
 ta
sk
), 
an
d 
in
hi
bi
to
ry
 co
nt
ro
l (
Lu
ria
’s 
ha
nd
 g
am
e)
.  
T2
: c
og
ni
tiv
e 
fle
xib
ili
ty
 (s
et
-s
hi
fti
ng
 ta
sk
 
2)
, a
nd
 T
ow
er
 o
f L
on
do
n 
ta
sk
.  
 
In
di
vi
du
al
 d
iff
er
en
ce
s i
n 
ea
rly
 E
F 
pr
ed
ict
ed
 ch
an
ge
 in
 T
oM
 sk
ill
s o
ve
r 
an
d 
ab
ov
e 
th
e 
va
ria
nc
e 
th
at
 w
as
 a
cc
ou
nt
ed
 fo
r b
y 
ag
e,
 v
er
ba
l a
bi
lit
y,
 n
on
ve
rb
al
 a
bi
lit
y,
 a
nd
 in
iti
al
 T
oM
 p
er
fo
rm
an
ce
. I
n 
co
nt
ra
st
, t
he
re
 w
as
 n
o 
in
de
pe
nd
en
t r
el
at
io
ns
hi
p 
be
tw
ee
n 
ea
rly
 T
oM
 
sk
ill
s a
nd
 la
te
r e
xe
cu
tiv
e 
co
nt
ro
l. 
 
Ra
je
nd
ra
n,
 
Ri
nd
sk
op
f e
t a
l.,
 
20
13
a 
LG
; O
ve
r r
ec
ru
ite
d 
H/
I; 
(n
=1
40
) a
nd
 ty
pi
ca
lly
 
de
ve
lo
pi
ng
 ch
ild
re
n 
TD
 
(n
=7
6)
. 
 Ex
am
in
ed
 lo
ng
itu
di
na
l 
as
so
cia
tio
ns
 (4
 w
av
es
) 
be
tw
ee
n 
AD
HD
 se
ve
rit
y 
an
d 
ne
ur
op
sy
ch
ol
og
ica
l 
fu
nc
tio
ni
ng
 a
m
on
g 
ch
ild
re
n 
at
 h
ig
h 
an
d 
lo
w
 
ris
k 
of
 A
DH
D.
 
T1
: 4
.3
y 
(3
-4
) 
T2
: 5
.4
y 
(4
-5
) 
T3
: 6
.3
y 
(5
-6
) 
T4
: 7
.3
y 
(6
-7
) 
  M
ea
n 
in
te
rv
al
 
be
tw
ee
n 
as
se
ss
m
en
ts
: 
11
.9
9,
 1
1.
65
 a
nd
 
11
.8
0 
m
on
th
s, 
re
sp
ec
tiv
el
y 
Ne
ur
op
sy
ch
ol
og
ica
l 
fu
nc
tio
ni
ng
:  
- A
tte
nt
io
n/
Ex
ec
ut
iv
e,
  
- L
an
gu
ag
e,
 
-V
isu
os
pa
tia
l, 
 
- s
en
so
rim
ot
or
,  
- M
em
or
y 
AD
HD
: A
DH
D-
RS
-IV
 (i
f (
ve
ry
) o
fte
n 
sc
or
e 
>6
 =
H/
I; 
sc
or
e<
3 
=T
D)
; 
 Ne
ur
op
sy
ch
ol
og
ica
l f
un
ct
io
ni
ng
 w
as
 
m
ea
su
re
d 
an
nu
al
ly
 u
sin
g 
th
e 
NE
PS
Y 
at
 
fo
ur
 ti
m
e 
po
in
ts
 (m
ea
n 
ag
es
, 4
.2
, 5
.4
, 
6.
3,
 a
nd
 7
.3
5 
y)
. 
In
 th
e 
H/
I g
ro
up
 (a
nd
 n
ot
 in
 T
D)
, i
m
pr
ov
ed
 n
eu
ro
ps
yc
ho
lo
gi
ca
l 
fu
nc
tio
ni
ng
 w
as
 a
ss
oc
ia
te
d 
w
ith
 su
bs
eq
ue
nt
 d
im
in
ut
io
n 
of
 A
DH
D 
se
ve
rit
y.
 
 In
 H
/I 
an
d 
TD
 g
ro
up
s, 
th
er
e 
w
as
 in
ve
rs
e,
 re
cip
ro
ca
l, 
lo
ng
itu
di
na
l 
as
so
cia
tio
n 
be
tw
ee
n 
AD
HD
 se
ve
rit
y 
an
d 
ne
ur
op
sy
ch
ol
og
ica
l 
fu
nc
tio
ni
ng
 a
fte
r t
he
 a
ge
 o
f 4
–5
 y
ea
rs
. 
 Of
 le
ss
er
 m
ag
ni
tu
de
, g
re
at
er
 A
DH
D 
se
ve
rit
y 
at
 5
–6
 y
ea
rs
 w
as
 
as
so
cia
te
d 
w
ith
 p
oo
re
r n
eu
ro
ps
yc
ho
lo
gi
ca
l f
un
ct
io
ni
ng
 a
t 6
–7
 y
ea
rs
.  
Ra
je
nd
ra
n,
 
Tr
am
pu
sh
 e
t a
l.,
 
20
13
b 
 
LG
, O
ve
r r
ec
ru
ite
d 
HR
 
AD
HD
 (N
=1
38
) (
sa
m
e 
as
 
in
 p
re
vi
ou
s r
ef
). 
  In
ve
st
ig
at
ed
 if
 ch
an
ge
s i
n 
ne
ur
op
sy
ch
ol
og
ica
l 
fu
nc
tio
ni
ng
 w
er
e 
as
so
cia
te
d 
w
ith
 th
e 
tr
aj
ec
to
ry
 o
f A
DH
D 
sy
m
pt
om
s/
im
pa
irm
en
t. 
4.
2y
, 5
.4
y,
 6
.3
y,
 
7.
3y
, a
nd
 8
.8
y  
 75
.5
%
 b
oy
s a
t 
st
ud
y 
en
tr
y 
Ch
an
ge
s i
n 
ne
ur
op
sy
ch
ol
og
ica
l 
fu
nc
tio
ni
ng
  
 Tr
aj
ec
to
ry
 o
f A
DH
D 
sy
m
pt
om
s  
 
AD
HD
 A
DH
D-
RS
-IV
 a
nd
 C
PC
 a
t 1
0 
tim
e 
po
in
ts
; 
 Ne
ur
op
sy
ch
ol
og
ica
l f
un
ct
io
ni
ng
: N
EP
SY
 
(a
nn
ua
lly
 a
t f
ou
r t
im
e 
po
in
ts
 (m
ea
n 
ag
es
, 
4.
2,
 5
.4
, 6
.3
, a
nd
 7
.3
5 
y)
. 
Ba
se
lin
e 
ne
ur
op
sy
ch
ol
og
ica
l f
un
ct
io
ni
ng
 w
as
 n
ot
 si
gn
ifi
ca
nt
ly
 
as
so
cia
te
d 
w
ith
 th
e 
slo
pe
 o
f c
ha
ng
e 
in
 A
DH
D 
se
ve
rit
y.
 
Ho
w
ev
er
, m
ag
ni
tu
de
 o
f c
ha
ng
e 
in
 n
eu
ro
ps
yc
ho
lo
gi
ca
l f
un
ct
io
ni
ng
 
w
as
 lin
ea
rly
 a
ss
oc
ia
te
d 
w
ith
 th
e 
tr
aj
ec
to
ry
 o
f A
DH
D 
sy
m
pt
om
 
se
ve
rit
y 
an
d 
im
pa
irm
en
t, 
su
ch
 th
at
 in
di
vi
du
al
s w
ith
 g
re
at
er
 
ne
ur
op
sy
ch
ol
og
ica
l g
ro
w
th
 o
ve
r t
im
e 
ha
d 
a 
gr
ea
te
r d
im
in
ut
io
n 
of
 
AD
HD
 se
ve
rit
y 
an
d 
im
pa
irm
en
t. 
Fa
m
ily
 so
cio
ec
on
om
ic 
st
at
us
 a
t b
as
el
in
e 
w
as
 si
gn
ifi
ca
nt
ly
 a
ss
oc
ia
te
d 
w
ith
 in
iti
al
 A
DH
D 
se
ve
rit
y 
an
d 
im
pa
irm
en
t, 
bu
t n
ot
 w
ith
 ch
an
ge
 o
ve
r 
tim
e.
 
Ro
hr
er
-
Ba
um
ga
rt
ne
r e
t a
l.,
 
20
14
  
CS
; P
op
ul
at
io
n 
N=
11
81
. 
 Te
st
ed
 if
 IQ
-s
co
re
 
in
flu
en
ce
s a
ss
oc
ia
tio
ns
 
be
tw
ee
n 
AD
HD
 
3.
5y
 (3
.1
-3
.9
) 
 52
%
 b
oy
s 
No
nv
er
ba
l w
or
ki
ng
 
m
em
or
y,
 in
hi
bi
tio
n,
 a
nd
 
ex
pr
es
siv
e 
la
ng
ua
ge
 
 
AD
HD
: P
AP
A 
 IQ
 a
nd
 W
M
: s
ub
ta
sk
s f
ro
m
 th
e 
SB
IS
; 
 Ex
pr
es
siv
e 
la
ng
ua
ge
: C
DI
; 
Th
er
e 
w
as
 in
te
ra
ct
io
n 
be
tw
ee
n 
AD
HD
 sy
m
pt
om
s a
nd
 IQ
 o
n 
te
ac
he
r-
re
po
rt
ed
 e
xp
re
ss
iv
e 
la
ng
ua
ge
. I
n 
ch
ild
re
n 
w
ith
 b
el
ow
 m
ed
ia
n 
IQ
-
sc
or
e,
 m
or
e 
AD
HD
 sy
m
pt
om
s w
er
e 
m
or
e 
lik
el
y 
to
 b
e 
as
so
cia
te
d 
w
ith
 
lo
w
er
 e
xp
re
ss
iv
e 
la
ng
ua
ge
, w
hi
le
 A
DH
D 
le
ve
l e
xe
rt
ed
 a
 sm
al
le
r e
ffe
ct
 
on
 re
po
rt
ed
 la
ng
ua
ge
 sk
ill
s i
n 
ch
ild
re
n 
w
ith
 a
bo
ve
 m
ed
ia
n 
IQ
-s
co
re
. 
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sy
m
pt
om
s a
nd
 ve
rb
al
 
an
d 
no
nv
er
ba
l W
M
,  
in
hi
bi
tio
n,
 a
nd
 e
xp
re
ss
iv
e 
la
ng
ua
ge
. 
 Re
sp
on
se
 in
hi
bi
tio
n 
: N
EP
SY
; 
Th
e 
as
so
cia
tio
ns
 b
et
w
ee
n 
AD
HD
 sy
m
pt
om
s a
nd
 W
M
 a
nd
 re
sp
on
se
 
in
hi
bi
tio
n,
 re
sp
ec
tiv
el
y,
 w
er
e 
no
t i
nf
lu
en
ce
d 
by
 IQ
-s
co
re
. 
Ro
se
nt
ha
l e
t a
l.,
 
20
13
  
CS
; C
lin
ica
l A
SD
 (N
=1
85
). 
   Ex
am
in
ed
 E
F 
in
 A
SD
 fr
om
 
5-
7 
y 
to
 a
do
le
sc
en
ce
 
Fo
ur
 a
ge
 g
ro
up
s: 
5-
7y
, 8
-1
0y
, 1
1-
13
y,
 a
nd
 1
4-
18
y 
 83
%
 to
ta
l s
am
pl
e 
bo
ys
 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
 (“
re
al
 
w
or
ld
” E
F,
 ra
te
d 
by
 
pa
re
nt
s)
. 
AS
D:
 A
DI
-R
; A
DO
S;
 D
SM
-IV
 
 EF
: B
RI
EF
 (8
 sc
al
es
: i
ni
tia
te
, e
m
ot
io
na
l 
co
nt
ro
l, 
sh
ift
, i
nh
ib
it,
 o
rg
an
ize
/p
la
n,
 
or
ga
ni
za
tio
n 
of
 m
at
er
ia
ls,
 w
or
ki
ng
 
m
em
or
y,
 m
on
ito
r),
 co
lla
ps
ed
 in
to
 2
 
br
oa
d 
in
di
ce
s: 
th
e 
be
ha
vi
or
al
 re
gu
la
tio
n 
in
de
x a
nd
 th
e 
m
et
ac
og
ni
tio
n 
in
de
x)
. 
EF
 d
ef
ici
ts
 in
cr
ea
sin
gl
y 
ap
pe
ar
 w
ith
 a
ge
. 
Sh
ift
 sc
al
e 
of
 E
F 
sh
ow
ed
 g
re
at
es
t p
ro
bl
em
s a
t y
ou
ng
er
 a
nd
 o
ld
er
 a
ge
. 
EF
 (p
ar
tic
ul
ar
ly
 m
et
ac
og
ni
tiv
e 
ab
ili
tie
s)
 in
 A
SD
 m
at
ur
es
 a
t a
 sl
ow
er
 
ra
te
 th
an
 it
 d
oe
s i
n 
ty
pi
ca
lly
 d
ev
el
op
in
g 
ch
ild
re
n 
an
d 
th
us
 sh
ow
s 
gr
ea
te
r d
iv
er
ge
nc
e 
fro
m
 n
or
m
at
iv
e 
sa
m
pl
es
 w
ith
 in
cr
ea
sin
g 
ag
e.
 
W
he
re
as
 fl
ex
ib
ili
ty
 re
m
ai
ns
 p
ar
tic
ul
ar
ly
 im
pa
ire
d 
ac
ro
ss
 a
ge
s i
n 
AS
Ds
, w
or
ki
ng
 m
em
or
y,
 in
iti
at
io
n,
 a
nd
 o
rg
an
iza
tio
n,
 b
ec
om
e 
in
cr
ea
sin
gl
y 
pr
ob
le
m
at
ic 
ov
er
 ti
m
e,
 a
cc
or
di
ng
 to
 p
ar
en
t r
ep
or
t. 
Sc
ho
em
ak
er
 e
t a
l.,
  
20
12
  
 
CS
; C
lin
ica
l (
N=
2-
2)
;  
 
AD
HD
 (n
=6
1)
, D
BD
 
(n
=3
3)
, A
DH
D+
DB
D 
(n
 =
 
52
); 
TD
 ch
ild
re
n 
(n
 =
 5
6)
. 
 Ex
am
in
e 
EF
 in
 ch
ild
re
n 
w
ith
 a
 cl
in
ica
l d
ia
gn
os
is 
of
 A
DH
D,
 D
BD
 a
nd
 A
DH
D 
+ 
DB
D.
 
4.
5y
 (3
.5
–5
.5
)  
     %
 b
oy
s b
y 
gr
ou
p:
 
TD
=6
9.
6 
AD
HD
: 8
0.
3 
DB
D=
81
.8
 
AD
HD
+D
BD
= 
82
.7
 
Ex
ec
ut
iv
e 
fu
nc
tio
n;
  
AD
HD
 a
nd
 D
BD
: C
BE
 w
ith
 C
BC
L;
 T
RF
; 
KD
BS
; D
B-
DO
S;
 D
SM
-IV
-T
R;
 
  EF
 ta
sk
s: 
In
hi
bi
to
ry
 sk
ill
s (
Go
-N
o-
Go
, 
M
od
ifi
ed
 S
na
ck
 D
el
ay
, a
nd
 S
ha
pe
 S
ch
oo
l 
– 
In
hi
bi
t C
on
di
tio
n)
 a
nd
 W
M
 ta
sk
s (
Ni
ne
 
Bo
xe
s a
nd
 D
el
ay
ed
 A
lte
rn
at
io
n)
. 
St
ru
ct
ur
e 
of
 E
F:
 in
 th
e 
pr
es
en
t s
am
pl
e 
of
 cl
in
ica
lly
 d
ia
gn
os
ed
 
pr
es
ch
oo
le
rs
, a
 tw
o-
fa
ct
or
 m
od
el
 (i
nh
ib
iti
on
 a
nd
 w
or
ki
ng
 m
em
or
y)
 
fit
 th
e 
da
ta
 b
et
te
r t
ha
n 
a 
on
e-
fa
ct
or
 
m
od
el
. 
Ch
ild
re
n 
w
ith
 A
DH
D 
sh
ow
ed
 ro
bu
st
 in
hi
bi
tio
n 
de
fic
its
, w
he
re
as
 
th
os
e 
w
ith
 D
BD
 sh
ow
ed
 im
pa
ire
d 
in
hi
bi
tio
n 
es
pe
cia
lly
 w
he
re
 
m
ot
iv
at
io
na
l i
nc
en
tiv
es
 w
er
e 
pr
om
in
en
t. 
Se
ve
rit
y 
of
 in
hi
bi
tio
n 
im
pa
irm
en
t i
n 
th
e 
co
m
or
bi
d 
gr
ou
p 
w
as
 si
m
ila
r t
o 
th
e 
AD
HD
 g
ro
up
. 
No
 b
et
w
ee
n-
gr
ou
p 
di
ffe
re
nc
es
 w
er
e 
fo
un
d 
on
 th
e 
W
M
 fa
ct
or
. 
Sk
og
an
 e
t a
l.,
 2
01
3 
 
CS
; P
op
ul
at
io
n 
ov
er
 
re
cr
ui
te
d 
fo
r A
DH
D 
(N
=1
04
5)
; c
on
tro
l g
ro
up
 
(N
=1
47
) 
   In
ve
st
ig
at
ed
 a
ss
oc
ia
tio
ns
 
be
tw
ee
n 
AD
HD
 
sy
m
pt
om
s a
nd
/o
r O
DD
 
an
d 
tw
o 
EF
s (
in
hi
bi
tio
n 
an
d 
W
M
). 
3.
5y
 (S
D=
1.
3)
 
 53
%
 b
oy
s 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
: W
M
 
an
d 
in
hi
bi
tio
n 
 
AD
HD
 (3
y)
: C
BC
L a
nd
 D
SM
-IV
TR
 
 AD
HD
 d
ia
gn
os
is:
 P
AP
A 
 EF
: v
er
ba
l W
M
: S
BI
S 
su
bt
es
t “
M
em
or
y 
fo
r s
en
te
nc
es
”, 
Bl
oc
k 
Sp
an
 a
nd
 D
el
ay
ed
 
Re
sp
on
se
;  
No
nv
er
ba
l W
M
:  
vi
su
os
pa
tia
l s
ea
rc
h 
ta
sk
 
fo
r p
re
sc
ho
ol
 ch
ild
re
n;
 
 In
hi
bi
tio
n:
 S
ta
tu
e 
su
bt
es
t (
NE
PS
Y)
;  
 IQ
: S
BI
S.
 
Th
e 
co
m
or
bi
d 
gr
ou
p 
(A
DH
D+
OD
D)
 w
as
 th
e 
on
ly
 o
ne
 se
pa
ra
te
d 
fro
m
 
ty
pi
ca
lly
 d
ev
el
op
in
g 
co
nt
ro
ls 
in
 te
rm
s o
f p
er
fo
rm
an
ce
 in
 b
ot
h 
W
M
 
an
d 
in
hi
bi
tio
n.
  
Sy
m
pt
om
s o
f A
DH
D,
 b
ot
h 
al
on
e 
an
d 
w
ith
 O
DD
, w
er
e 
as
so
cia
te
d 
w
ith
 
lo
w
er
 p
er
fo
rm
an
ce
 o
n 
te
st
s o
f i
nh
ib
iti
on
 in
 th
e 
gr
ou
p 
co
m
pa
ris
on
s. 
Di
m
en
sio
na
l a
na
ly
se
s s
ho
w
ed
 th
at
 p
er
fo
rm
an
ce
 w
ith
in
 b
ot
h 
EF
 
do
m
ai
ns
 co
nt
rib
ut
ed
 to
 v
ar
ia
nc
e 
pr
im
ar
ily
 in
 A
DH
D 
sy
m
pt
om
 lo
ad
. 
Th
er
e 
w
as
 a
 sm
al
l b
ut
 si
gn
ifi
ca
nt
 a
ss
oc
ia
tio
n 
be
tw
ee
n 
sy
m
pt
om
s o
f 
AD
HD
 a
nd
 lo
w
er
 W
M
 p
er
fo
rm
an
ce
.  
Ef
fe
ct
 si
ze
s w
er
e 
ge
ne
ra
lly
 sm
al
l, 
in
di
ca
tin
g 
th
at
 m
ea
su
re
s o
f E
F 
ha
ve
 
lim
ite
d 
cli
ni
ca
l u
til
ity
 a
t t
hi
s s
ta
ge
 in
 d
ev
el
op
m
en
t. 
Sm
ith
so
n 
et
 a
l.,
 
20
13
  
CS
; C
lin
ica
l A
SD
 (n
=3
9)
 
an
d 
ty
pi
ca
l c
on
tr
ol
 g
ro
up
 
(n
=3
9)
 
 Ex
am
in
ed
 e
xe
cu
tiv
e 
co
nt
ro
l (
EC
) i
n 
pr
es
ch
oo
le
rs
 w
ith
 a
nd
 
w
ith
ou
t A
SD
 
4.
4y
 (2
.8
-5
.8
) 
 82
%
 b
oy
s 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
 (“
re
al
 
w
or
ld
” E
F,
 ra
te
d 
by
 
pa
re
nt
s)
. 
AS
D:
 in
fo
rm
at
io
n 
fro
m
 a
 d
et
ai
le
d 
hi
st
or
y,
 g
en
er
al
 o
bs
er
va
tio
n;
 A
DO
S;
 
DS
M
-IV
 
 EC
: B
RI
EF
 
 IQ
: W
PP
SI
-R
 (1
98
9)
 a
nd
 W
PS
SI
-II
I (
20
02
) 
Un
lik
e 
m
an
y 
pr
ev
io
us
 in
ve
st
ig
at
io
ns
 o
f p
re
sc
ho
ol
er
s w
ith
 A
SD
, w
hi
ch
 
fa
ile
d 
to
 o
bs
er
ve
 E
C 
de
fic
its
 o
n 
pe
rfo
rm
an
ce
 
m
ea
su
re
s, 
w
e 
fo
un
d 
pe
rv
as
iv
e 
EC
 d
ef
ici
ts
 b
y 
pa
re
nt
 re
po
rt
 o
n 
a 
co
m
pr
eh
en
siv
e,
 re
al
 w
or
ld
 E
C 
m
ea
su
re
. 
(6
7 
%
) w
ith
 A
SD
 w
er
e 
ra
te
d 
by
 p
ar
en
ts
 a
s h
av
in
g 
cli
ni
ca
lly
 si
gn
ifi
ca
nt
 
EC
 im
pa
irm
en
ts
 in
 o
ne
 in
de
x f
ro
m
 th
e 
BR
IE
F 
an
d 
a 
su
bs
ta
nt
ia
l 
m
in
or
ity
 (2
2 
%
) w
as
 e
le
va
te
d 
on
 a
ll 
th
re
e 
in
de
x s
co
re
s. 
Th
er
e 
w
as
 n
o 
in
di
ca
tio
n 
th
at
 p
re
sc
ho
ol
er
s 
w
ith
 A
SD
 h
ad
 re
la
tiv
el
y 
gr
ea
te
r i
m
pa
irm
en
ts
 in
 fl
ex
ib
ili
ty
 co
m
pa
re
d 
to
 o
th
er
 E
C 
do
m
ai
ns
 a
s h
yp
ot
he
siz
ed
. 
Test-Visser
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 Y
er
ys
 e
t a
l.,
 2
00
7 
 
                  
CS
; C
lin
ica
l; 
Co
nt
ro
l. 
 
1s
t  e
xp
er
im
en
t (
N=
54
) 
in
clu
de
d:
 A
SD
 (n
= 
18
), 
De
ve
lo
pm
en
ta
l D
el
ay
 
(n
=1
8)
; T
yp
ica
lly
 
de
ve
lo
pm
en
t (
n=
18
). 
 2n
d  e
xp
er
im
en
t (
N=
36
) 
in
clu
de
d:
 A
SD
 (n
=1
8)
 a
nd
 
ty
pi
ca
lly
 d
ev
el
op
m
en
t 
(n
=1
8)
.  
 Ex
am
in
ed
 w
he
th
er
 
sp
ec
ifi
c E
F 
de
fic
its
 a
re
 
pr
es
en
t i
n 
AS
D 
an
d 
(2
) 
w
he
th
er
 su
ch
 d
ef
ici
ts
 a
re
 
se
co
nd
ar
y 
to
 a
ut
ism
, o
r 
ac
t a
s e
ar
ly
 co
gn
iti
ve
 ri
sk
 
fa
ct
or
 fo
r A
SD
 b
y 
co
m
pa
rin
g 
EF
 a
bi
lit
ie
s o
f 
th
is 
AS
D 
gr
ou
p 
to
 a
 C
A 
m
at
ch
ed
 ty
pi
ca
lly
 
de
ve
lo
pi
ng
 g
ro
up
. 
Cl
in
ica
l: 
2.
9y
 (2
.0
-
3.
7)
;  
 Co
nt
ro
l: 
1.
8y
 
Ex
ec
ut
iv
e 
fu
nc
tio
ns
 
AS
D:
 co
m
bi
na
tio
ns
 o
f A
DI
-R
; A
DO
S-
G;
 
DS
M
-IV
 a
nd
 p
re
vi
ou
s/
cu
rr
en
t A
SD
 
di
ag
no
sis
; 
 EF
: W
in
do
w
s t
as
k 
(R
us
se
l e
t a
l. 
19
91
); 
Sp
at
ia
l R
ev
er
sa
l (
Ka
uf
m
an
 e
t a
l. 
19
89
); 
A-
no
t- B
 (G
rif
fit
h 
et
 a
l. 
19
99
) 
 IQ
: M
SE
L 
1s
t  e
xp
er
im
en
t: 
no
 sp
ec
ifi
c E
F 
de
fic
its
 in
 A
SD
 re
la
tiv
e 
to
 M
A-
m
at
ch
ed
 
co
nt
ro
ls.
  
 2n
d  e
xp
er
im
en
t: 
sim
ila
r E
F 
ab
ili
tie
s (
m
ea
su
re
d 
by
 W
in
do
w
s a
nd
 
Sp
at
ia
l R
ev
er
sa
l t
as
ks
) i
n 
AS
D 
co
m
pa
re
d 
to
 C
A-
m
at
ch
ed
 T
YP
 in
 sp
ite
 
of
  s
ig
ni
fic
an
t d
iff
er
en
ce
s i
n 
M
A 
be
tw
ee
n 
th
e 
gr
ou
ps
.  
 Ov
er
al
l, 
on
 E
F 
m
ea
su
re
s c
hi
ld
re
n 
w
ith
 A
SD
 d
id
 n
ot
 h
av
e 
a 
sp
ec
ifi
c 
de
fic
it 
in
 E
F 
re
la
tiv
e 
to
 e
ith
er
 M
A-
m
at
ch
ed
 
co
nt
ro
l g
ro
up
; m
or
eo
ve
r, 
th
ey
 d
id
 n
ot
 e
xh
ib
it 
a 
de
la
y 
in
 E
F 
ab
ilit
ie
s 
re
la
tiv
e 
to
 th
e 
CA
-m
at
ch
ed
 ty
pi
ca
lly
 d
ev
el
op
in
g 
co
nt
ro
l g
ro
up
. T
ha
t 
is,
 o
ur
 re
su
lts
 d
em
on
st
ra
te
 ch
ild
re
n 
w
ith
 A
SD
 p
er
fo
rm
 si
m
ila
rly
 to
 C
A 
an
d 
M
A-
m
at
ch
ed
 ch
ild
re
n 
w
ith
 D
D 
an
d 
M
A-
m
at
ch
ed
 ty
pi
ca
lly
 
de
ve
lo
pi
ng
 ch
ild
re
n 
on
 a
lm
os
t a
ll 
EF
 m
ea
su
re
s. 
Ke
y:
 R
an
ge
*:
 If
 n
ot
 re
po
rt
ed
, s
ta
nd
ar
d 
de
vi
at
io
n 
(s
d)
 is
 li
st
ed
; D
es
ig
n:
 C
S,
 cr
os
s s
ec
tio
na
l; 
LG
, l
on
gi
tu
di
na
l; 
Cl
in
ica
l r
ef
er
s t
o 
a 
sa
m
pl
e 
dr
aw
n 
fro
m
 a
 c
lin
ica
l p
op
ul
at
io
n;
 P
op
ul
at
io
n 
re
fe
rs
 to
 a
 sa
m
pl
e 
dr
aw
n 
fro
m
 th
e 
ge
ne
ra
l 
po
pu
la
tio
n;
 H
R 
re
fe
rs
 to
 h
ig
h 
ris
k 
sa
m
pl
e.
 A
D,
 a
tte
nt
io
n 
de
fic
it;
 A
DH
D,
 a
tte
nt
io
n 
de
fic
it/
hy
pe
ra
ct
iv
ity
 d
iso
rd
er
; A
SD
, r
ef
er
s 
to
 a
ut
ism
 s
pe
ct
ru
m
 d
iso
rd
er
, a
ut
ist
ic 
di
so
rd
er
, p
er
va
siv
e 
de
ve
lo
pm
en
ta
l d
iso
rd
er
 n
ot
 o
th
er
w
ise
 
sp
ec
ifi
ed
 (P
DD
-N
OS
) o
r A
sp
er
ge
r s
yn
dr
om
e;
 A
LC
, a
ut
ist
ic 
lik
e 
co
nd
iti
on
s; 
AP
, a
tte
nt
io
n 
pr
ob
le
m
s; 
AT
r, 
au
tis
tic
 tr
ai
ts
; C
BE
, c
lin
ica
l b
es
t e
st
im
at
e 
di
ag
no
sis
; C
P,
 co
m
m
un
ica
tio
n 
pr
ob
le
m
s; 
DB
(P
)D
, d
isr
up
tiv
e 
be
ha
vi
or
 (p
ro
bl
em
s)
 
Di
ag
no
sis
; H
I, 
hy
pe
ra
ct
iv
ity
/im
pu
lsi
vi
ty
; I
, I
na
tte
nt
io
n;
 R
RB
I, 
re
st
ric
te
d 
re
pe
tit
iv
e 
be
ha
vi
or
s a
nd
 in
te
re
st
s;
 S
D,
 so
cia
l d
iff
icu
lti
es
. A
ss
es
sm
en
t i
ns
tr
um
en
ts
 (a
s c
ite
d 
in
 th
e 
re
vi
ew
ed
 a
rt
icl
es
). 
AD
HD
-R
S-
IV
: A
DH
D 
Ra
tin
g 
Sc
al
e 
IV
 
(D
uP
au
l e
t a
l.,
 1
99
8)
; A
DI
-R
: A
ut
ism
 D
ia
gn
os
tic
 In
te
rv
ie
w
-R
ev
ise
d 
(R
ut
te
r e
t a
l.,
 2
00
3)
; A
DO
S:
 A
ut
ism
 D
ia
gn
os
tic
 O
bs
er
va
tio
n 
Sc
he
du
le
 (A
DO
S-
G)
 (L
or
d 
et
 a
l.,
 2
00
0)
 o
r (
AD
OS
) (
Lo
rd
 e
t a
l.,
 2
00
2)
; B
DI
-2
:B
at
te
lle
 d
ev
el
op
m
en
ta
l 
in
ve
nt
or
y,
 se
co
nd
 e
di
tio
n 
(N
ew
bo
rg
, 2
00
5)
; B
IS
CU
IT
-P
ar
t 1
 a
nd
 P
ar
t2
: B
ab
y 
an
d 
In
fa
nt
 S
cr
ee
n 
fo
r C
hi
ld
re
n 
w
ith
 a
Ut
Ism
 T
ra
its
 (M
at
so
n 
et
 a
l.,
 2
00
9a
,b
); 
BR
IE
F:
 B
eh
av
io
r R
at
in
g 
In
ve
nt
or
y 
of
 E
xe
cu
tiv
e 
Fu
nc
tio
n 
(G
io
ia
 e
t a
l.,
 
20
00
); 
BS
ID
-II
: B
ay
le
y 
Sc
al
es
 o
f I
nf
an
t D
ev
el
op
m
en
t (
2n
d 
ed
.) 
(B
ay
le
y,
 1
99
3)
; C
BC
L:
 C
hi
ld
 B
eh
av
io
r C
he
ck
lis
t 1
 ½
-5
 y
ea
rs
 (A
ch
en
ba
ch
 a
nd
 R
es
co
rla
, 2
00
0)
; C
BQ
a:
 C
hi
ld
re
n’
s B
eh
av
io
r Q
ue
st
io
nn
ai
re
 (R
ut
te
r e
t a
l.,
 1
97
0)
; C
BQ
b:
 
Ro
th
ba
rt
 e
t a
l.,
 2
00
1)
; C
CQ
: C
al
ifo
rn
ia
 C
hi
ld
 Q
-S
or
t (
Bl
oc
k 
an
d 
Bl
oc
k,
 1
98
0)
; C
DI
: C
hi
ld
 D
ev
el
op
m
en
t I
nv
en
to
ry
 (I
re
to
n 
et
 a
l.,
 1
99
5)
; C
PC
: C
hi
ld
re
n’
s P
ro
bl
em
 C
he
ck
lis
t (
He
al
ey
 e
t a
l.,
 2
00
8)
; C
PR
SR
: I
m
pu
lsi
vi
ty
-H
yp
er
ac
tiv
ity
 
su
bs
ca
le
 o
f t
he
 C
on
ne
rs
 P
ar
en
t R
at
in
g 
Sc
al
e-
Re
vi
se
d 
(G
oy
et
te
 e
t a
l.,
 1
97
8)
; D
B-
DO
S:
 D
isr
up
tiv
e 
Be
ha
vi
or
 D
ia
gn
os
tic
 O
bs
er
va
tio
n 
Sc
he
du
le
 (W
ak
sc
hl
ag
 e
t a
l.,
 2
00
8)
; D
IS
CO
=D
ia
gn
os
tic
 In
te
r-
 v
ie
w
 fo
r S
oc
ia
l a
nd
 co
m
m
un
ica
tio
n 
Di
so
rd
er
s 
(W
in
g 
et
 a
l.,
 2
00
2)
; E
CB
Q
: E
ar
ly
 C
hi
ld
ho
od
 B
eh
av
io
r Q
ue
st
io
nn
ai
re
 (P
ut
na
m
 e
t a
l.,
 2
00
6)
; E
CI
-4
: E
ar
ly
 C
hi
ld
ho
od
 In
ve
nt
or
y-
4 
pa
re
nt
 a
nd
 te
ac
he
r v
er
sio
ns
 (G
ad
ow
 a
nd
 S
pr
af
ki
n,
 1
99
7,
 2
00
0)
; F
IS
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Abstract 
Objective: Using parent-completed questionnaires in (preventive) child health care can 
facilitate the early detection of psychosocial problems and psychopathology, including autism 
spectrum disorders (ASD). A promising questionnaire for this purpose is the Brief Infant-
Toddler Social and Emotional Assessment (BITSEA). The screening accuracy with regard to ASD 
of the BITSEA Problem and Competence scales and a newly calculated Autism score were 
evaluated. Method: Data, that were collected between April 2010 and April 2011, from a 
community sample of 2-year-olds (N = 3127), were combined with data from a sample of 
preschool children diagnosed with ASD (N = 159). For the total population and for subgroups 
by child’s gender, the area under the Receiver Operating Characteristic (ROC) curve was 
examined, and for the BITSEA Problem, Competence and Autism scores, the sensitivity, 
specificity, positive and negative likelihood ratio’s, diagnostic odds ratio and Youden’s index 
were reported. Results: The area under the ROC curve (95% confidence interval, [95%CI]) of 
the Problem scale was 0.90(0.87–0.92), of the Competence scale 0.93(0.91–0.95), and of the 
Autism score 0.95(0.93–0.97). For the total population, the screening accuracy of the Autism 
score was significantly better, compared to the Problem scale. The screening accuracy of the 
Competence scale was significantly better for girls (AUC = 0.97; 95%CI = 0.95–0.98) than for 
boys (AUC = 0.91; 95%CI = 0.88–0.94). Conclusion: The results indicate that the BITSEA scales 
and newly calculated Autism score have good discriminative power to differentiate children 
with and without ASD. Therefore, the BITSEA may be helpful in the early detection of ASD, 
which could have beneficial effects on the child’s development. 
 
Introduction 
Preventive child health care offers a systematic opportunity for the early detection of 
psychosocial problems and psychopathology, such as autism spectrum disorders (ASD), among 
toddlers. In the Netherlands, preventive child health care for children of ages 0–4 years is 
delivered through community well-child clinics that provide routine developmental 
assessment and vaccinations (i.e. well-child visits) and that are free of charge [1].  
ASD represents a set of neurodevelopmental disorders that are characterized by 
impairments in the domains of reciprocal social interactions and communication and by 
restrictive, stereotyped patterns of behavior [2]. In the current Diagnostic and Statistical 
Manual of Mental disorders, 5th edition, ASD’s are part of the neurodevelopmental disorders 
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[2]. Studies report ASD prevalence rates of about 1.0% [3,4]. Abnormal functioning that is 
indicative of ASD starts before 3 years of age [2]. On average, the first symptoms to arouse 
parental concerns about children eventually diagnosed with ASD occur before the second 
birthday. However, the average age of ASD diagnosis is approximately three years of age and 
often occurs later [5]. These findings suggest that it should be possible to detect and diagnose 
ASD earlier.  
Early detection of ASD is important because early access to interventions may improve 
children’s outcomes, [6,7] and diagnosis may enhance parent’s understanding and coping with 
the impairments of their child [8]. One approach for facilitating early identification of ASD is 
the population-based screening of children as part of well-child visits using parent-completed 
questionnaires [9,10] Several instruments have been developed for the early detection of ASD, 
among which the Checklist for Autism in Toddlers (CHAT) [11] and Modified Checklist for 
Autism in Toddlers (M-CHAT) [12] are advocated by autism support organizations [13]. 
However, early detection instruments that are used in a preventive health care setting should 
cover a broad range of psychosocial problems, since limited time and capacity in the 
preventive child health care make it undesirable to screen for each psychosocial problem 
separately. Also, it has been shown that psychosocial problems tend to co-occur, [14,15] and 
that individual problems may apply to more than one disorder [16]. In addition to measuring 
problem domains, it is crucial to also measure competence domains. Delays in the acquisition 
of competencies are strongly related to a wide range of psychosocial problems later in life [17] 
and are often the prodromal signs of developmental disorders, such as ASD [18]. 
 The Brief Infant-Toddler Social and Emotional Assessment (BITSEA) [19] is a promising 
and short (42 items) questionnaire, that measures both problems (Problem scale) and delays 
in the acquisition of competencies (Competence scale) in 1–3 year olds, and also consists of 
items designed to measure ASD symptoms. The BITSEA is not designed to diagnose ASD, but 
it may be useful as a screener for identifying children with this disorder [20]. Previous studies 
have shown that the BITSEA Problem and Competence scale has adequate reliability for the 
Problem scale and validity for the Problem and Competence scale [19,21–23]. The study 
performed in the Netherlands [23] evaluated among others the internal consistency, test-
retest reliability, concurrent validity and discriminant validity. An adequate Cronbach’s alpha 
(i.e. >0.70[24]) was found for the Problem scale (0.76) and marginal for the Competence scale 
(0.63). Test-retest reliability was adequate (>0.70 [25]) for the Problem scale (0.75) and 
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marginal for the Competence scale (0.61). The BITSEA Problem scale was positively correlated 
with the CBCL, Pearson coefficients of 0.66 (Internalizing), 0.65 (Externalizing) and 0.75 (Total 
Problem). The BITSEA Competence score was negatively correlated with the CBCL, Pearson 
coefficients of -0.26 (Internalizing), -0.23 (Externalizing) and -0.26 (Total Problem). All 
correlations were significant (p<0.01). The mean BITSEA score was compared between a group 
of parents that worried about the development of their child and a group that did not worry. 
The Problem and Competence score were significantly less favorable in the group of parents 
who worried, compared to the  group of parents who did not worry (effect sizes were 
respectively 0.93 and 0.52).  
 The sensitivity and specificity of the BITSEA has been evaluated in several studies 
[19,26,27] One study, conducted in the United States [19], examined its sensitivity and 
specificity in a community sample of 1280 children. In this study, children with scores in the 
clinical range on the Child Behavior Checklist (CBCL-1.5-5) [28] and Infant-Toddler Social and 
Emotional Assessment (ITSEA) [29,30] were used as reference groups for the evaluation of the 
Problem scale. A sensitivity of respectively 93.2% and 78.1% and a specificity of respectively 
78.0% and 88.8% were found. The Competence scale was evaluated against a group of 
children with a score in the clinical range on the ITSEA and had a sensitivity of 68.9% and a 
specificity of 95.1%. Problem scale cutpoints were chosen at scores of >75th percentile and 
Competence scale cutpoints were chosen at scores of <15th percentile [31]. In a Turkish study 
[26], in a community sample of 462 children, sensitivity and specificity of only the Competence 
scale was examined relative to children treated in a child psychiatry outpatient clinic with an 
autism diagnosis (n= 35). In this study, the sensitivity was 72%–93% and specificity was 76%–
85%, depending on the cutpoint chosen. A Dutch study [27] evaluated the screening accuracy 
of the BITSEA Problem scale more extensively than prior studies. The screening accuracy was 
evaluated with multiple indices (i.e. area under the curve, sensitivity, specificity, likelihood 
ratio’s, diagnostic odds ratios and Youden’s index) by calculating receiver operating 
characteristic (ROC) curves of the BITSEA Problem scale relative to the CBCL Total Problem 
scale. Indices of screening accuracy for a range of BITSEA Problem scores were presented, 
because different cutpoints might be chosen in different settings (e.g. clinical application 
versus epidemiological research). In that study, the screening accuracy of the BITSEA 
Competence scale was not evaluated with a reference group of children with a CBCL Total 
Problem score in the clinical range, since the CBCL Total Problem score does not measure 
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competencies. In the present study we aimed to evaluate the screening accuracy of both the 
BITSEA Problem and Competence scales with regard to an ASD diagnosis. Additionally, we 
evaluated the screening accuracy of the BITSEA items that are specifically intended to signal 
ASD, since little is known about the performance of these items in the detection of ASD. 
Previous studies have showed differences in mean BITSEA scores between boys and girls (with 
boys scoring less favorably) [19,22,23], therefore the screening accuracy was also evaluated 
by children’s gender. 
 
Method 
Ethics Statement 
Regarding the data collection of the community sample; only anonymous data were 
used and the questionnaires were completed on a voluntary basis by the parents. Parents 
received written information on these questionnaires and were free to refuse to participation. 
Observational research with data does not fall within the ambit of the Dutch Act on research 
involving human subjects [32] and does not require the approval of an ethics review board. 
The Medical Ethics Committee of the Erasmus Medical Centre Rotterdam declared to have no 
objection (‘formal waiver’) regarding the study protocol and consent procedures. The Medical 
Ethical Committee of the Radboud University Medical Centre Nijmegen approved the study 
protocol regarding the ASD-study.  
 
Design and participants 
For the present study, data from two separate samples were combined. First, data 
from a community sample of 2-year old children were used. These data were gathered 
between April 2010 and April 2011 by child health care organizations in the context of routine 
health examinations in the Rotterdam area, the Netherlands. Parents of 3170 children who 
attended the well-child visit handed in the questionnaire (95.5% of all parents who attended 
the well-child visit). Children were excluded from the analyses if there were too many missing 
items on both BITSEA scales [20] (n=43), leaving a study population of 3127 (94.2%) children. 
No children in the community sample were under treatment of a mental health professional 
at the time of inclusion. Details on the design and participants of the community sample are 
described elsewhere [23]. 
Test-Visser
Processed on: 26-6-2017 PDF page: 95
95 
 
Second, data from a sample of children diagnosed with ASD were used (i.e. ASD-sample). 
Children between the ages of 12–40 months were recruited in the DIANE-study (Diagnosis and 
Intervention of Autism in the Netherlands) [33] at Karakter Child and Adolescent Psychiatry 
University Center Nijmegen, the Netherlands. Children with a positive score on the Early 
Screening of Autistic Traits Questionnaire [34] and/or for whom there were major concerns 
regarding social and communicative development entered the study between spring 2004 and 
spring 2007. Parents of the ASD-sample completed the ITSEA, i.e. a more extensive 
questionnaire that includes the BITSEA items, at home before their first visit for diagnostic 
assessments. All children from the ASD sample underwent an extensive psychiatric 
assessment including the Autism Diagnostic Observation Schedule (ADOS) and Autism 
Diagnostic Interview-Revised (ADI-R), standardised observations of parent-child play and 
standardised assessment of cognitive and language skills. Details on study design and 
participants of the ASD-sample are described elsewhere [35]. For the purpose of this study, 
answers on BITSEA items were extracted from the larger pool of ITSEA items. Children were 
excluded from the analyses if they did not receive a diagnosis (n=29), if they received a 
diagnosis other than ASD (n=69), if there were too many missing items on the BITSEA scales 
[20] (n=19), or if they were younger than 12 months (n=2) leaving a study population of 159 
(57%) children. 
 
Measures 
The BITSEA, designed for 1-to-3-year old children, consists of 42 items with three 
response options (‘not true/rarely’(0), ‘somewhat true/sometimes’(1), ‘very true/often’(2)) 
and comprises two multi-item scales; a Problem scale (31 items) and a Competence scale (11 
items). The Problem scale assesses social/ emotional/ behavioral problems such as aggression, 
defiance, over-activity, negative emotionality, anxiety, and withdrawal. The Competence scale 
assesses social-emotional abilities such as empathy, prosocial behaviors, and compliance [31]. 
Responses can be summed for each scale: a high score on the Problem scale and/or a low 
score on the Competence scale is less favorable [20]. The BITSEA also consists of 17 items that 
are specifically included for the early detection of ASD belonging to either the Problem scale 
(9 items) or the Competence scale (8 items). The autism items reflect problems behaviors that 
are typical for children with ASD (e.g. put things in a special order over and over) and 
competencies that are often deficient in children with ASD (e.g. points to show you something 
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far away) [20]. Although these items formally do not represent a separate scale, we calculated 
the Autism score analogous to the Problem scale score, yielding a good internal consistency 
(Cronbach’s alpha=0.77). Answers on the autism items belonging to the Competence scale 
were first reversed before all autism items were summed, such that a higher Autism score 
would represent more problems and fewer competencies. Children with more than 3 missing 
items were excluded from the analyses (n=48). Excluded children were all part of the 
community sample. Items on standard socio-demographic variables were included: child age 
and gender. 
 
Analyses 
Demographic characteristics and mean BITSEA scores. Differences in mean BITSEA 
scores and child age between the community sample and the ASD-sample were tested with 
independent sample t-tests. Differences in gender composition of the community sample and 
ASD-sample were tested with Chi-square tests. Screening accuracy was evaluated by 
calculating receiver operating characteristic (ROC) curves, with a reference group that consists 
of children with a diagnosis of ASD. The area under the ROC curve was examined, along with 
- for a range of Problem and Competence scores and for the Autism score - sensitivity, 
specificity, positive test likelihood ratio (LHR+), negative test likelihood ratio (LHR), diagnostic 
odds ratio (OR) and Youden’s index. All indices for screening accuracy were evaluated for the 
total sample as well as for boys and girls separately. The ROC curve is a plot of sensitivity as a 
function of 1-specificity for all possible cut-points of the BITSEA. The greater the area under 
the curve (AUC), the more discriminative power the BITSEA has in differentiating children with 
and without ASD. An AUC >0.90 indicates high accuracy, an AUC between >0.70 and <0.90 
indicates moderate accuracy; and an AUC between >0.50 and <0.70 indicates low accuracy; 
and AUC=0.50 is chance level accuracy [36]. We examined the 95% confidence intervals of the 
AUCs to evaluate whether the screening accuracy differed significantly between subgroups. 
To determine the optimal cut-point, the Youden index was used, which is defined as the 
maximum vertical distance between the ROC curve and the diagonal or chance line and is 
calculated as Youden’s index = sensitivity+ specificity-1 [37]. 
Sensitivity is the proportion of true positives that are correctly identified by the test; 
specificity is the proportion of true negatives that are correctly identified by the test. To 
further investigate the correctness of classification, likelihood ratios were calculated. LHR+ = 
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sensitivity/(1-specificity) is the ratio of the probability of a positive test result if the outcome 
is positive (true positive) to the probability of a positive test result if the outcome is negative 
(false positive); LHR- =(1-sensitivity)/specificity is the ratio of the probability of a negative test 
result if the outcome is positive (false negative) to the probability of a negative test result if 
the outcome is negative (true negative). LHR+ >7.00 and LHR- <0.30 indicate high screening 
accuracy [38]. The OR=sensitivity*specificity/((1-sensitivity)*(1-specificity))= LHR+/LHR- of a 
test is the ratio of the odds of a positive test result when having the disorder relative to the 
odds of a positive test result when not having the disorder. The values of OR range from zero 
to infinity, with higher values indicating better discriminatory test performance. OR >.20.00 
indicate high screening accuracy [38]. The AUC, Youden’s index, sensitivity, specificity, LHR+, 
LHR- and OR are independent of prevalence of the disorder, as opposed to the positive 
predictive value and negative predictive value, therefore the latter were not evaluated in this 
study. [38]. All analyses were performed in SPSS 20.0 (SPSS Inc. 2011). 
 
Results 
The characteristics of the community sample and ASD-sample are presented in Table 
1. In comparison to the community sample, the ASD-sample consisted of older children (t= 
58.3, p<.001) and more boys (2= 50.2, p<.001). 
 
Table 1. Child characteristics of ASD sample and community sample. 
  ASD-sample  
N=159 
Community sample 
N=3127 
 
Percentage (n) Percentage (n) 
Gendera*   
Boys 79.2 (126) 50.0 (1564) 
Girls 20.8 (33) 49.1 (1535) 
 
 
 
Mean (SD) 
 
Mean (SD) 
Age (months)* 31.8 (6.4) 23.7 (0.7) 
BITSEA Problem scale score* 20.5 (8.7) 7.8 (5.3) 
BITSEA Competence scale score* 10.0 (4.0) 17.5 (3.0) 
BITSEA Autism score* 14.6 (5.2) 4.1 (3.3) 
a. Percentages do not sum up to 100% due to missing values.  
* Significant differences in composition between ASD-sample and community sample with regard to gender, and 
age and mean Problem scale score, Competence scale score, and Autism score, p<0.001 
 
 
Mean BITSEA scores. The mean Problem and Competence scale scores and the Autism 
score are presented in Table 1. In comparison to children in the community sample, children 
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in the ASD-sample scored less favorably on the Problem scale (t=28.1, p<.001), the 
Competence scale (t=29.9, p<.001) and Autism score (t=37.3, p<.001). 
Screening accuracy. ROC curves of the Problem and Competence scale scores and 
Autism score are presented in Figure 1. In Table 2, the AUC and sensitivity, specificity, LHR+, 
LHR-, OR and Youden’s index are presented for a range of BITSEA scale, for the total population 
and for subgroups by child gender. The AUC (95% confidence interval [CI]) of the Problem 
scale was 0.90 (0.87–0.92), and of the Competence scale 0.93 (0.91–0.95). The screening 
accuracy of the Problem scale was similar for girls (AUC=0.93; 95%CI=0.89–0.97) and boys 
(AUC=0.88; 95%CI=0.85–0.91). The screening accuracy of the Competence scale was better 
for girls (AUC=0.97; 95%CI=0.95–0.98) than for boys (AUC=0.91; 95%CI =0.88–0.94). The 
Youden index indicated the same optimal cut-point for the total population and for boys and 
girls for the Problem scale (score 13) and for the Competence scale (score 15). 
 
 
 
 
 
 
Figure 1. ROC curves and AUC of the BITSEA Problem and Competence scale and 
BITSEA Autism score relative to a sample of children with a diagnosis of autism 
spectrum disorder. 
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Table 2. Screening accuracy of the BITSEA scales with regard to autism spectrum disorders: 
Area Under the Curve and sensitivity, specificity, likelihood ratio’s, diagnostic odd ratio and 
Youden’s index for a range of Problem and Competence scores, for the total sample and for 
subgroup by gender.   
  
Scale BITSEA Problem BITSEA Competence 
Total AUC = 0.90 (95% CI=0.87-0.92) AUC = 0.93 (95% CI=0.91-0.95) 
N=3286 score sens spec LHR+ LHR- OR J score sens spec LHR+ LHR- OR J 
 9 0.92 0.63 2.51 0.12 20.73 0.56 11 0.98 0.56 2.20 0.04 52.97 0.53 
 10 0.89 0.70 2.94 0.16 18.92 0.59 12 0.96 0.61 2.48 0.07 37.00 0.57 
 11 0.85 0.76 3.53 0.19 18.24 0.61 13 0.93 0.72 3.34 0.10 35.01 0.65 
 12 0.85 0.80 4.22 0.19 22.05 0.65 14 0.90 0.82 4.91 0.12 40.41 0.72 
 13 0.83 0.84 5.18 0.20 26.22 0.67 15 0.85 0.89 7.92 0.17 47.95 0.74 
 14 0.78 0.87 5.92 0.26 23.06 0.65 16 0.77 0.92 9.38 0.25 37.71 0.69 
 15 0.75 0.89 7.08 0.28 24.85 0.64 17 0.67 0.96 15.19 0.34 44.37 0.63 
 16 0.71 0.92 8.60 0.32 26.93 0.62 18 0.56 0.97 21.95 0.46 48.15 0.53 
 17 0.64 0.93 9.75 0.39 25.10 0.57 19 0.43 0.98 22.48 0.58 38.49 0.41 
Boys AUC = 0.88 (95% CI=0.85-0.91) AUC =0.91 (95% CI=0.88-0.94)* 
n=1690 9 0.92 0.60 2.31 0.13 17.48 0.52 11 0.97 0.53 2.08 0.05 42.04 0.51 
 10 0.88 0.67 2.64 0.18 14.80 0.55 12 0.95 0.60 2.34 0.09 27.19 0.54 
 11 0.85 0.73 3.19 0.21 15.50 0.58 13 0.92 0.71 3.12 0.12 26.66 0.62 
 12 0.84 0.78 3.88 0.20 19.17 0.62 14 0.88 0.82 4.84 0.14 33.88 0.70 
 13 0.83 0.82 4.61 0.20 22.63 0.65 15 0.82 0.88 6.92 0.20 34.70 0.71 
 14 0.77 0.85 5.18 0.27 19.18 0.62 16 0.73 0.90 7.65 0.30 25.51 0.63 
 15 0.74 0.88 6.02 0.30 20.17 0.62 17 0.62 0.94 11.23 0.40 28.23 0.57 
 16 0.70 0.90 7.28 0.33 21.81 0.60 18 0.50 0.97 15.66 0.52 30.15 0.47 
 17 0.63 0.92 8.06 0.40 19.92 0.55 19 0.37 0.98 15.54 0.65 24.09 0.35 
Girls AUC =0.93 (95% CI=0.89-0.97) AUC =0.97 (95% CI=0.95-0.98) * 
n=1568 9 0.94 0.66 2.79 0.10 28.74 0.60 11 0.98 0.66 2.85 0.03 91.70 0.64 
 10 0.94 0.73 3.46 0.09 39.10 0.66 12 0.97 0.69 3.11 0.04 72.11 0.66 
 11 0.87 0.79 4.05 0.16 24.65 0.66 13 0.95 0.78 4.32 0.07 62.63 0.73 
 12 0.87 0.82 4.79 0.16 30.36 0.69 14 0.92 0.81 4.90 0.10 49.22 0.73 
 13 0.84 0.86 6.04 0.19 32.24 0.70 15 0.88 0.94 14.14 0.12 113.81 0.82 
 14 0.81 0.89 7.22 0.22 33.11 0.69 16 0.82 0.97 26.15 0.19 138.50 0.79 
 15 0.77 0.91 8.94 0.25 36.14 0.69 17 0.73 1.00 x 0.27 x 0.73 
 16 0.74 0.93 10.89 0.28 39.33 0.67 18 0.62 1.00 x 0.38 x 0.62 
 17 0.68 0.95 12.97 0.34 38.09 0.63 19 0.49 1.00 x 0.51 x 0.49 
* The Competence scale AUCs differ significantly between boys and girls (i.e. the 95% confidence intervals do not overlap) 
Key: AUC=area under the curve; 95%CI=95% confidence interval; sens=sensitivity; spec=specificity; LHR+=likelihood ratio positive test; 
LHR-=likelihood ratio negative test; OR=diagnostic odds ratio; J=Youden’s index. All AUC’s were significant (p<0.001). Scores with the 
highest unrounded Youden’s index are indicated in bold.  
 
 
In Table 3 AUCs and sensitivity, specificity, LHR+ , LHR-, OR and Youden’s index are presented 
for a range of Autism scores for the total population and for subgroups by child gender. The 
AUC was 0.95 (0.93–0.97) and the screening accuracy was equal for girls (AUC =0.97; 95%CI= 
0.95–0.99) and boys (AUC=0.93; 95%CI = 0.91–0.96). The Youden index indicated different 
optimal cut-point for the total population (score 10) and for boys (score 9) and girls (score 8). 
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The scores in the general population with the highest Youden index as cut-points for the 
Problem and Competence scale and Autism score yielded concern level of ASD of respectively 
16.1%, 10.1% and 6.9% children. 
 
Table 3. Screening accuracy of the BITSEA Autism score: Area Under the 
Curve and sensitivity, specificity, likelihood ratio’s, diagnostic odds ratio 
and Youden’s index for a range of Autism scores, for the total sample 
and for subgroups by gender. 
 BITSEA Autism score 
Total AUC = 0.95 (95% CI=0.93-0.97) 
N=3236 score sens spec LHR+ LHR- OR J 
 6 0.94 0.72 3.43 0.08 43.33 0.67 
 7 0.93 0.81 4.86 0.09 56.11 0.74 
 8 0.92 0.86 6.77 0.10 70.71 0.78 
 9 0.88 0.90 9.05 0.13 67.53 0.78 
 10 0.85 0.93 12.40 0.16 78.79 0.78 
 11 0.79 0.95 14.39 0.22 64.70 0.73 
 12 0.72 0.96 19.44 0.29 66.80 0.68 
 13 0.68 0.97 25.35 0.33 75.96 0.65 
 14 0.59 0.98 37.59 0.42 89.38 0.57 
Boys AUC = 0.93 (95% CI=0.91-0.96) 
N=1671 5 0.94 0.59 2.29 0.09 24.30 0.53 
 6 0.94 0.70 3.08 0.09 33.74 0.63 
 7 0.92 0.78 4.10 0.10 40.05 0.70 
 8 0.90 0.84 5.66 0.11 49.92 0.74 
 9 0.88 0.89 7.73 0.13 57.56 0.77 
 10 0.85 0.91 9.94 0.16 60.28 0.76 
 11 0.79 0.93 11.79 0.23 51.33 0.72 
 12 0.70 0.95 14.20 0.32 44.76 0.65 
 13 0.65 0.97 18.97 0.36 52.46 0.62 
Girls AUC =0.97 (95% CI=0.95-0.99) 
N=1543 4 1.00 0.57 2.33 0.00 x 0.57 
 5 1.00 0.67 3.07 0.00 x 0.67 
 6 0.97 0.76 4.00 0.04 93.93 0.73 
 7 0.97 0.84 6.23 0.04 163.02 0.81 
 8 0.97 0.89 8.76 0.04 241.62 0.86 
 9 0.87 0.92 10.79 0.14 76.91 0.79 
 10 0.87 0.95 16.46 0.14 120.83 0.82 
 11 0.81 0.96 18.48 0.20 91.29 0.76 
  12 0.81 0.97 32.09 0.20 161.62 0.78 
Note: AUC=area under the curve; 95%CI=95% confidence interval; sens=sensitivity; spec=specificity; 
LHR+=likelihood ratio positive test; LHR-=likelihood ratio negative test; OR=diagnostic odds ratio; 
J=Youden’s index. All AUC’s were significant (p<0.001). Scores with the highest unrounded Youden’s index 
are indicated in bold 
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Discussion 
The present study evaluated the screening accuracy of the Problem and Competence 
scales and the newly calculated Autism score for a community sample in comparison to a 
sample that consists of children with an ASD diagnosis. Our results indicate that the Problem 
and Competence scales and the Autism score have high screening accuracy to detect ASD (i.e. 
AUC>.0.90). In our study we present the sensitivity and specificity for a range of BITSEA scores, 
because different cut-points might be chosen in different settings (e.g. clinical application 
versus epidemiological research). To compare the results on sensitivity and specificity with 
results of other studies we chose to discuss the sensitivity and specificity for the optimal cut-
point as indicated by the Youden index. In comparison with the prior Dutch study [27] on the 
screening accuracy of the BITSEA Problem scale and the CBCL Total Problem score in the 
clinical range, we found similar results; also a AUC>.0.90 and no differences between 
subgroups. Multiple values for sensitivity and specificity of the BITSEA are reported in the 
study conducted in the US, because different indicators were used to classify a ‘clinical group’, 
and also in the Turkish study, because in their study a range of BITSEA cut-points was applied. 
The US-study [19] found comparable mean sensitivity and specificity for the Problem scale as 
in our study. However, for the Competence scale in the US-study, a lower sensitivity and 
slightly higher specificity were found, compared to our study. The Turkish study [26] found 
slightly higher mean sensitivity and lower mean specificity for the Competence scale, 
compared to our study. However, the different methods to determine sensitivity and 
specificity (i.e. different indicators of a ‘clinical group’ and different methods to determine 
cut-points), make it difficult to compare results across these studies.  
The Youden index yielded the same cut-points for boys and girls on the Problem and 
Competence scales. These results differ from what was found in the US-study [19], where the 
cut-points on the Problem scale in children aged 24–29 months differed between boys (score 
14) and girls (score 13) and also differed on the Competence scale (girls, score 15; boys, score 
14). The Turkish study [26] found the same cut-point (score 12) on the Competence scale in 
children aged 24–35 months, for both boys and girls. These differences between studies might 
be attributed to different characteristics of the study populations. Also, in the Turkish study, 
the ASD sample size (n= 35) was much smaller compared to our ASD sample size (n =159).  
 The screening accuracy of the newly calculated Autism score was equal for boys and 
girls, however, the scores with the highest Youden’s index differed between boys (score 9) 
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and girls (score 8). Even though the Autism score consists of less items (17 items), its screening 
accuracy for ASD was better for the total population than the Problem scale (31 items), but 
not better than the Competence scale (11 items). The Autism score is not officially a separate 
BITSEA scale and the findings of the present study imply that calculation of the Autism score 
is unnecessary when the Competence score is known. It was to be expected that the screening 
accuracy of the Autism score would be at least equally well as the screening accuracy of the 
Competence scale, since the Autism score consists of 8 of the 11 Competence items. However, 
the addition of the items from the Problem scale does not further improve the screening 
accuracy of the Autism score. 
 
Limitations and strengths 
Our study has several limitations. First, the BITSEA scores for the ASD-sample are based 
on BITSEA items that were extracted from the larger pool of ITSEA items, since parents of 
children in the  ASD-sample completed the ITSEA. Second, as it is expected that children with 
typical development acquire more competencies with age, previous studies have found higher 
Competence scores in older children, compared to younger  children [19,22]. Our community 
sample consisted of a homogeneous sample with regard to age (M=23.7, SD=0.7). Therefore, 
it may not be appropriate to generalise our findings on screening accuracy of the Competence 
scale to children of other ages. Third, the ASD-sample differed significantly from the 
community sample with regard to child’s gender (more boys), and age (older children). It is 
likely that these characteristics might have influenced mean BITSEA scale scores; previous 
studies have found that mean BITSEA scores for boys are less favorable [19,22,23] and that 
mean Competence scores increase with age [19,22]. Therefore, differences in mean BITSEA 
scores between the community and ASD-sample might not solely be attributed to the ASD, 
but also to the demographic characteristics of the samples. To compensate for these 
differences between conditions, we applied propensity score matching post-hoc. This yielded 
a sample of 900 matched cases: 750 children in the community sample and 150 in the ASD-
sample, with a statistically equal boy/girl ratio (community sample: 74.5% boys, ASD-sample: 
80,0% boys). There was still a significant (p<.001) difference between matched cases regarding 
age (community sample: M=28.9; SD=7.5, ASD-sample: M=31.8; SD=6.4), however the effect 
size, Cohen’s d, was small; 0.38 [39]. We calculated the AUC for the ROC-curves again for the 
matched sample, and no significant differences (i.e. no overlapping confidence intervals) were 
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found compared to our prior results (data not shown). Fourth, we do not have follow-up data 
on the community sample with regard to an ASD diagnosis. However, since the estimated 
prevalence of ASD is 1% [3,4], we may assume that 31 children out of 3127 children will receive 
a diagnosis of ASD. It is difficult to estimate exactly what the effect is on our results. However, 
if the effect would be significant (i.e. a community sample with definitely no children with ASD 
would lead to other results), the mean BITSEA scores of that community sample would be 
more favorable than in the present study. This would mean an even larger difference in BITSEA 
scores, compared to the ASD sample, possibly leading to larger AUC and better sensitivity and 
specificity than we have found in the present study. Due to this limitation we likely have 
underestimated rather than overestimate the ‘true’ results. 
A strength of our study is that the analyses were performed on a large community 
sample and ASD-sample which adds to the power of the study. Moreover, children in the ASD-
sample were diagnosed by experienced clinicians and diagnoses were based on extensive 
multidisciplinary diagnostic procedures. Additionally, another strength of our study is that 
parents completed the questionnaire prior to receiving a diagnostic evaluation, in order to 
diminish parent bias by knowledge of an ASD diagnosis when answering the questions.  
 
Future research  
This study evaluated the screening accuracy of the BITSEA for ASD specifically. We recommend 
future studies to evaluate the screening accuracy of the BITSEA for a broader range of 
psychosocial problems. 
 
Conclusions 
Both the Problem and Competence scales and the Autism score have a good screening 
accuracy with regard to ASD for the total population and for boys and girls separately. The 
Autism score does not have added value to the already existing Competence score; for the 
screening of ASD, the Competence score is just as effective as the Autism score. Furthermore, 
the BITSEA is a short questionnaire and has in earlier research shown to have good reliability 
and validity. As mentioned in the introduction, early detection instruments that are used in 
preventive health care should cover a broad range of psychosocial problems. The BITSEA 
might therefore precede more extensive evaluations on ASD with other instruments, (e.g. the 
M-CHAT), by more specialized mental health care providers, when scores on the BITSEA 
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indicate concern for ASD. The results of this study indicate that the BITSEA is suitable for use 
in the setting of (preventive) child health care for the early screening of ASD.  
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CHAPTER 4 
Assessment of Psychopathology in 2-5 Year Olds: 
Applying the Infant Toddler Social Emotional 
Assessment (ITSEA) 
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Abstract 
The information provided by parents is indispensable for the early identification of 
psychopathology, and for this reason developmentally appropriate, reliable, and valid 
questionnaires are needed to gather their information. This study was designed to examine 
the utility of the Infant Toddler Social Emotional Assessment (ITSEA) - a parent-report 
questionnaire covering a wide range of behavioral and emotional problems and competencies 
- in preschoolers referred for child psychiatric evaluation. The fathers and mothers of 85 
children (23.2% girls; age 15-57 months) with autism spectrum, externalizing, or internalizing 
disorders completed the ITSEA, the Child Behavior Checklist (CBCL/2-3 and 4-18 versions), and 
the child domain of the Parenting Stress Index (PSI). The ITSEA showed good inter-rater 
reliability between parents and validity was supported by significant correlations with 
corresponding CBCL and PSI domains. Evidence supporting the validity of the ITSEA for 
psychopathology was mixed across scales, with good diagnostic accuracy at the level of the 
broader mental disorder syndromes being achieved by the combination of subscales within 
the Externalizing, Internalizing and Competence domains. The value of the ITSEA lies in the 
ability to systematically evaluate a wide range of behavioral problem and competencies. The 
ITSEA may be useful to create profiles of children’s functioning in preschoolers referred for 
psychiatric assessment.   
 
Introduction 
It is now recognized that very young children can show significant psychopathology 
(Egger & Angold, 2006; Sterba, Egger & Angold, 2007; Zeanah, Boris, & Larrieu, 1997) and that 
most mental disorders begin far earlier than was previously thought (Insel & Fenton, 2005). 
The prevalence rates of serious behavioral and emotional problems in children aged 2 to 5 are 
estimated between 7 and 24 %, depending on definitions of problems or disorders. These 
rates are rather similar to those in older children (Briggs-Gowan, Carter, Skuban & Horwitz, 
2001; Keenan & Wakschlag, 2002; Keenan, Shaw, Walsh, Delliquadri & Giovannelli, 1997; 
Koot, Van den Oord, Verhulst & Boomsma, 1997; Koot & Verhulst, 1991; Lavigne, Gibbons, 
Kaufer Christoffel, Arend, Rosenbaum, Binns et al., 1996; Lavigne, Arend, Rosenbaum, Binns, 
Kaufer Christoffel & Gibbons, 1998; Skovgaard, Houmann, Christiansen, Landorph, Olsen & 
Jørgensen, 2007). The prevalence of externalizing problems (i.e. disruptive problems and 
aggression) seems at its highest before the age of 5 years (Tremblay, Japel, Perusse, Boivin, 
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Zoccolilo, Montplaisir, et al., 1999; Tremblay, Nagin, Séguin, Zoccolillo, Zelazo, Boivin, et al., 
2004). Moreover, early behavioral-, emotional and developmental problems and disorders 
appear to be rather persistent (Briggs-Gowan & Carter, 2008; Caspi, Moffit, Newman & Silva, 
1996; Keenan et al., 1997; Lavigne et al., 1998; Lord, Risi, DiLavore, Shulman, Thurm, Pickles, 
2006), even in sub-clinical and less extreme presentations (Angold, Costello, Farmer, Burns & 
Erkanli, 1999; Briggs-Gowan, Carter, Bosson-Henan, Guyer &  Horwitz, 2006). In addition to 
above- mentioned problems or disorders, serious disturbances in the regulation of sensory 
processing, emotions and behavior, also called regulation disorders, are frequent in early 
childhood (Zero to Three, 1994; 2005), and have been associated with various mental 
disorders at older age (DeGangi, Porges, Sickel & Greenspan, 1993; DeGangi, Breinbauer, 
Doussard Roosevelt, Porges & Greenspan, 2000).  
Unfortunately, mental problems or disorders mostly go undetected in very young 
children. One reason is that differentiation between normative problem behaviors and 
psychopathology is more uncertain in early childhood, due to the rapid developmental 
changes/shifts in this period of life. For example, externalizing problems and inattention are 
very common in toddlers and tend to diminish with age. Another reason is the strong 
interaction between developmental domains in young children, with  problems in one domain 
often leading to problems in other domains. Attention problems, for example, are often 
accompanied by poor social and communicative functioning suggestive of autism spectrum 
disorders (ASD) (Swinkels, Dietz, Van Daalen, , Kerkhof, I, Van Engeland, Buitelaar, 2006) and 
may be difficult to disentangle from primarily social and communicative deficits. The same 
holds for language impairment, which is strongly associated with problems in other domains 
(Irwin, Carter & Briggs-Gowan, 2002). Furthermore, problems rarely occur in isolation. Indeed, 
as in older children, high rates of comorbid behavior and emotional problems have been found 
in preschoolers with disruptive behavior disorders (Thomas & Guskin, 2001), internalizing 
disorders (Keenan et al., 1997; Lavigne et al., 1996), developmental delay (Baker, McIntyre, 
Blacher, Crnic, Edelbrock & Low, 2003), and autism spectrum disorders (ASD) (Hastings, 2003; 
Gadow, DeVincent, Pomeroy & Azizian, 2004; Sukhodolsky, Scahill, Gadow, Arnold, Aman, 
McDougle, et al., 2008). Given the difficulties in the early detection and differentiation of 
mental disorders, and given the uncertainty about the distribution of comorbid problems at 
an early age, there is a need for instruments that assess the whole range of problems and 
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psychopathology simultaneously. Such instruments could be of help in the differential 
diagnosis in young children with various clinical presentations of disorders, and could also 
shed light on the distribution of comorbid problems across diagnostic categories at this age.  
These co-morbid problems are very relevant, as they contribute to current and future 
functional impairments and to the burden experienced by caregivers.  
Although parent-report questionnaires have proved very useful to detect 
developmental and behavior problems in the first years of life (Glascoe, 2003; 2005; 
Reijneveld, Brugman, Verhulst  & Verloove-Vanhorick, 2004), it is not known whether these 
questionnaires are useful to assess early emerging mental disorders. Indeed, most parent 
questionnaires, like the 1.5-5 years, and late 2-3 years version of the Child Behavior Checklist 
(CBCL) (Achenbach, 1992; Achenbach & Rescorla, 2000), differ from the DSM-IV in their 
definition of psychopathology (Keenan et al., 1997; Lavigne et al., 1996; 1998; Thomas & 
Guskin, 2001). Furthermore, items relating to potential precursors of mental disorders, such 
as temperamental based behaviors and regulation disorders included in the DC:0-3(R) 
(Diagnostic Classification of Mental Health and Developmental Disorders of Infancy and Early 
Childhood (Revised) (Zero to Three, 1994; 2005) are not addressed in the CBCL.  
The absence of developmental sensitive and comprehensive parent-report questionnaires 
prompted the development of the Infant Toddler Social Emotional Assessment (ITSEA; Briggs-
Gowan & Carter, 1998; Carter, Briggs-Gowan, Jones & Little, 2003). The ITSEA is a parent 
questionnaire that assesses three broad problem domains, i.e. the Externalizing, Internalizing 
and Dysregulation domains, and one Competence domain. The Externalizing and Internalizing 
domains are partly founded on Achenbach’s work with the CBCL (Achenbach, 1991; 1992; 
2000), although the scales and items that are quite different from the CBCL and also include 
temperamental based difficulties. The Externalizing domain includes three subscales: Activity-
Impulsivity, Aggression/Defiance and Peer Aggression. One important difference with the 
CBCL, is that the ITSEA includes items relating to attention in the Competence domain, 
whereas these are included as attention deficits items in the CBCL Externalizing domain. The 
ITSEA Internalizing domain includes four subscales: Depression/ Withdrawal, General Anxiety, 
Separation Distress and Inhibition to Novelty (which is also a temperamental based construct). 
The Dysregulation domain includes: Sleep, Eating, Sensory Sensitivity and Negative 
Emotionality. These Dysregulation subscales are partly related to difficult temperament, 
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which has been associated with psychopathology via a continuum (with common cause) 
model, or vulnerability or resilience model where certain temperament types predispose to 
or protect from psychopathology (Briggs-Gowan & Carter, 2007; Nigg, 2006). The Competence 
domain refers to age appropriate skills and includes Attention, Compliance, Imitation/ Play 
and Prosocial Peer Interactions, and thus does not simply refer to lack of problem behavior. 
As such, competencies (and lack thereof) and psychopathology are viewed as related but 
distinct concepts (Carter et al., 2003). The importance of competence in the light of 
psychopathology is further stressed by the requirement of functional impairment or 
dysfunction in the DSM definition of disorders. Finally, the ITSEA includes item clusters of 
Maladaptive, Atypical Behavior, and Social Relatedness which may point to significant but less 
common psychopathology. The Maladaptive index includes body tics, post-traumatic stress 
symptoms, toileting difficulties, sexualized behavior, pica; the Atypical index includes 
repetitive play or movements, absence of pointing;, and the Social Relatedness index includes 
social approach, relatedness and social attention, which may be indicative of ASD.  
The ITSEA has shown acceptable factor structure, test-retest reliability, inter-rater 
reliability and validity in community samples (Carter, et al., 2003) and in young children 
referred to an early intervention program that excluded children with global cognitive delays 
and ASD (Briggs-Gowan & Carter, 2007). However, the reliability and validity of the ITSEA to 
assess a broad range of mental disorders in a clinical sample of young children has yet to be 
established. We therefore investigated the properties of the ITSEA in preschool children (aged 
2-5) referred for psychiatric assessment. Although we have to emphasize that the ITSEA is 
primarily intended for children aged 12 to 36 months and that it is not validated beyond that 
age, its use in preschoolers seems justified as the underlying constructs are theoretically 
applicable to this age group as well.  
Aims of the present study were: (1) to test the inter-rater reliability of the ITSEA by 
comparing fathers’ and mothers ratings; (2) to determine the validity of the ITSEA problem 
domains by comparison with corresponding domains in current parent-report questionnaires, 
namely, the Externalizing, Internalizing and Somatization domains of the CBCL/2-3 and 4-18 
versions (Achenbach,1991) and with the Adaptability, Mood and Distractibility child domains 
of the Parenting Stress Index (PSI; Abidin, 1983); and (3) to determine the validity of the ITSEA 
in relation to clinical diagnosis, by investigating the ability of the ITSEA to discriminate 
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between three groups of mental disorders: ASD, externalizing disorders, and internalizing 
disorders.  
 
Methods 
Participants  
The sample consisted of 85 consecutive referrals (65 boys and 20 girls) aged 1.5  through 5 
years (M=39.5 months, SD=9.5) to the out-patient unit of the University Center for Child and 
Adolescent Psychiatry in Nijmegen (the Netherlands) between December 1999 and December 
2002. This center for child and adolescent psychiatry is specialized in neurodevelopmental 
disorders such as ASD and attention-deficit/hyperactivity disorder (ADHD). Inclusion criteria 
were suspected developmental or mental disorder and an age younger than 6 years. Ninety 
two percent of the families had a Dutch Caucasian background and eight percent were non-
western immigrants. Seventeen children (20.4%) lived in a single-parent (only mother) family. 
Three fathers did not complete the questionnaires because they could not read Dutch. 
Children received a DSM-IV (American Psychiatric Association, 1994) diagnosis based on a 
comprehensive multidisciplinary assessment. Given our modest sample size, all DSM-IV 
diagnoses were categorized into four diagnostic groups: 1) ‘ASD’ for autism spectrum 
disorders, 2) ‘externalizing disorder’ for attention deficit hyperactivity disorder (ADHD), 
oppositional defiant disorder (ODD) and conduct disorders (CD), 3) ‘internalizing disorder’ for 
depressive disorders and anxiety disorders; and 4) a ‘no disorder’ category for no major 
mental disorder, which included specific developmental language or motor disorders, eating 
and sleep disorders, and parent-child relationship problems without other diagnosis. 
Developmental level was categorized into three groups: normal (IQ ≥ 85), mild retardation 
(IQ=71-84) and severe retardation (IQ ≤ 70). Table 1 shows the demographic characteristics of 
the 85 children categorized by diagnostic group.   
The analyses revealed group differences in age (F(3, 81) = 5.20, p=.002), due to the younger 
age of the children in the ‘no disorder’ group. No significant differences in gender were found 
between the four diagnostic groups. Cross-tabulation of the ASD versus the non-ASD groups 
revealed that the ASD group had a lower developmental level ( ²=16.9, p< .000).    
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Table 1. Demographic characteristics by diagnostic category 
Variable 
 
Diagnostic category 
ASD 
(n=36) 
EXT 
(n=24) 
INT 
(n=16) 
No 
(n=9) 
TOTAL 
(n=85) 
 
Age in months: M (SD) 
 
Gender (% boys) 
 
Developmental level: n (%) 
Normal  
Mild mental ret.  
Serious mental ret.  
 
Marital status (% married)  
 
 
41.6 (8.7) 
 
86 
 
 
15 (41.7) 
10 (27.8) 
11 (30.5) 
 
94                                                                           
 
 
38.0 (10.1) 
 
70.8     
 
 
21 (87.5)   
  3 (12.5) 
  0  
 
79
 
 
41.6 (7.2) 
 
68.8 
 
 
11 (68.8) 
  5 (31.2) 
  0 
 
87.5            
 
 
30.2 (9.4) 
 
77.8 
 
 
7 (77.8) 
0 
2 (22.2) 
 
56   
 
 
39.4 (9.5) 
 
77.6 
 
 
54 (63.5) 
18 (21) 
13 (15.2) 
 
70.6 
Key: ASD (Autism Spectrum disorders): autistic disorder and  PDD-NOS; EXT (externalizing): ADHD and disruptive behavior  
disorders (ODD and CD); INT (internalizing  disorders): depression, dysthymia, anxiety disorder; No: no major  
axis I diagnosis.  
 
Procedure and diagnosis 
All children underwent a comprehensive multidisciplinary assessment spread over an eight 
week period according to a standardized format about which parents had been informed 
beforehand. The whole assessment consisted of two parent interviews, observations of 
parent-child interactions, psychiatric examination and developmental assessment of the child. 
The parents were asked to complete a demographic and developmental questionnaire before 
the first visit. During the first visit, with the child present, a certified child psychologist used a 
demographic and development questionnaire to obtain information from the parents about 
the child’s problems, functioning, and developmental history. On the same day, parent-child 
interaction during a free play situation with each parent was evaluated, using the Emotional 
Availibility Scales (EAS) (Biringen, Robinson & Emde, 1998), and the child was examined by a 
child psychiatrist (JV). After this first visit, each parent received three questionnaires to be 
returned during the second visit: 1) the Child Behavior Checklist (CBCL/2-3 or CBCL 4-18), 2) 
the ITSEA and 3) the Parenting Stress Index (PSI, Abidin, 1995). Parents were encouraged to 
answer the questionnaires independently of each other. During the second visit without the 
child, parents were interviewed in depth about the problems and about family functioning. 
Lastly, child developmental level was assessed using different standardized tests during a third 
visit.  
A multidisciplinary team reached a ‘best estimate’ consensus diagnosis (DSM-IV criteria) 
based on the available clinical information and a short written summary of the main 
characteristics of the interaction and behavior of parent and child during the parent–child 
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interactions. The multidisciplinary team was blind to the ratings on the CBCL, ITSEA and PSI. 
The diagnoses of 20 randomly selected cases were assessed independently by two 
experienced child psychiatrists (JB, RJG) based on the whole clinical record, except diagnostic 
conclusions, in combination with the videotaped parent-child interactions. The agreement 
between the multidisciplinary team and the independent psychiatrists on the three diagnostic 
groups (as measured by the kappa coefficient) was excellent (kappa coefficient = .90).  
 
Instruments and measures 
Parents completed the following three questionnaires: (1) the Infant-Toddler Social and 
Emotional Assessment (Briggs-Gowan & Carter, 1998; Carter & Briggs-Gowan, 1993; 2000). 
The complete ITSEA was used: the three problem domains (i.e., Externalizing, Internalizing, 
Dysregulation) the Competence domain, and the Maladaptive, Atypical Behavior, and Social 
Relatedness clusters. The ITSEA includes 169 items rated on a 3-point-scale ranging from (0) 
not true/rarely to (2) very true/often. A “no opportunity” code allows parents to indicate that 
they did have no opportunity to observe certain behaviors (e.g., behavior with peers). Both 
parents completed the Dutch version of the ITSEA (Visser, Smeekens, Riksen-Walraven, & Van 
Bakel, 2000); (2) The Child Behavior Checklist for age 2-3 years (CBCL/2-3; Achenbach, 1992, 
Koot, van den Oord, Verhulst & Boomsma, 1997) and for age 4-18 years (CBCL/4-18; 
Achenbach, 1991; Verhulst, Ende van der & Koot, 1996). The CBCL/2-3 is composed of 99 items 
and the CBCL/4-18 is composed of 112 items to assess children’s behavioral and emotional 
problems. Items are scored on a 3-point scale. Mothers and fathers indicated whether 
behavioral descriptions were (0) not at all true, (1) somewhat true, or (2) very true of their 
child. Only the common factors from the two CBCL versions were used in the present study: 
namely the Internalizing an Externalizing broad-band factors and the Somatization narrow-
band factor. The PSI; Abidin, 1983; Dutch version: De Brock, Vermulst, Gerris, & Abidin, 1992). 
The PSI assesses the level of stress related to parenting and comprises the parent domain and 
the child domain. In the present study, only the child domain (65 items) was included, which 
is composed of six subscales, i.e., Adaptability, Mood, Distractibility, Demandingness, Positive 
Reinforcement of the parent and Acceptability. Items are rated on a 6-point-scale ranging 
from (0) fully disagree, to (6) fully agree. An overall score for the child domain was obtained 
by calculating the means of the scores on the subscales, with higher scores reflecting more 
reported stress.  
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Each child completed one of the following tests for the assessment of his/her 
developmental level: the Bayley Scales of Infant Development-II (Bayley, 1993), the Kaufman 
Assessment Battery for children (Kaufman & Kaufman, 1983), the Psycho Educational Profile- 
Revisited (Schopler, Reichler, Bashford, Lansing & Marcus, 1990) or the Vineland Adaptive 
Behavior Scales (Sparrow,  Balla & Cicchetti, 1984). The developmental test was chosen after 
the first visit and based on parent information and the first observations of the child. The 
Bayley Scales and the Kaufman Battery were used for children whose skills appeared to fall 
within the normative range, with the Kaufman Battery being used for children aged 36 months 
or older. The Psycho-Educational Profile (PEP-R) was used for children who showed important 
delays, i.e. (near) absence of receptive and expressive language, and who could only indirectly 
be assessed by their reactions to the test material. The Vineland Adaptive Behavior Scales 
were used for severely delayed children if they were not able to complete all the PEP-R tasks. 
 
Statistical analysis 
Differences in age, gender, developmental level across diagnostic groups as well as 
differences in age and gender with respect to the scores on the ITSEA, CBCL and PSI were 
analyzed by means of ANOVA's or Chi-square tests where appropriate. Inter-rater reliability 
with ITSEA ratings of fathers and mothers was analyzed with intra-class correlation 
coefficients (ICC) for Absolute Agreement (coefficients ≥ 0.75 indicate excellent reliability; 
coefficients between 0.40 and 0.74, fair to good reliability; and coefficients ≤ 0.39, poor 
reliability; Shrout & Fleiss, 1979). The subsequent analyses were performed with mothers’ 
ratings, due to the larger number of ITSEA questionnaires completed by mothers (n=85) vs 
fathers (n=65). The validity of the ITSEA scales in terms of internal consistency was tested with 
Pearson’s correlations between mothers’ ratings on all scales and item clusters. For criterion 
validity, we examined the Pearson’s correlations between the ITSEA and the CBCL and PSI 
scales. Construct validity was examined by looking if the scores on the ITSEA scales (as 
dependent variables) differed across diagnostic groups using an overall MANOVA. We then 
calculated the effect sizes with omega squared (Ω²) (Ω² >0.138 indicate large effect size; Ω² 
>.059 medium effect size; and Ω² >.010 small effect size; Kirk, 1996), and performed Tukey 
post-hoc analyses, to correct for multiple comparisons. This was followed by a discriminant 
function analysis to investigate the extent to which the different scales were related and were 
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able to discriminate between the different diagnostic groups. For comparison, discriminant 
function analysis was also performed with the CBCL scales.  
 
Results 
 The reliability of the ITSEA as measured by the inter-rater reliability between fathers 
and mothers on all scales and subscales was fair to excellent, with intra-class correlation 
coefficients (ICC) ranging  from 0.47 (Social relatedness) to 0.84 (Dysregulation) for domains 
and item clusters (Mean ICC = 0.69), and from 0.52 (Mastery Motivation) to 0.88 (Inhibition to 
Novelty) for subscales (Mean ICC=0.71). The discriminant validity of the ITSEA was supported 
by the relative lack of correlations between ITSEA domains: the Externalizing and Internalizing 
domains were not correlated with each other, although Dysregulation was moderately 
correlated with both the Externalizing and the Internalizing domains (Table 2). In 
  
Table 2.  Correlations between mothers’ ratings on ITSEA scales/item clusters, CBCL  
and Parental stress Index (PSI) child domains  
 
 
Measure (n) 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
 
7 
 
8 
 
9 
 
10 
 
ITSEA (n=85) 
1-Externalizing 
2-Internalizing 
3-Dysregulation 
4-Competence 
 
CBCL (n=79) 
5-Externalizing 
6-Internalizing 
7-Somatization 
 
PSI (n=80) 
8-Adaptability  
9-Mood 
10-Distraction  
11-Total Ch.. Stress 
 
  
 
. 15 
 .49** 
-.06 
  
 
.76** 
.23* 
.32** 
 
 
.29** 
.52** 
.70** 
.59** 
 
 
 
 
.58** 
-.03 
  
 
.09 
.55** 
.40** 
 
 
.63** 
.54** 
.06 
.51** 
 
 
 
 
 
-.07 
  
 
.52** 
.47** 
.52** 
 
 
.59** 
.69** 
.29** 
.63** 
 
 
 
 
   
 
 
 
  .01 
-.28* 
 .03 
 
 
-.12 
-.21 
-.08 
 .31** 
 
 
 
 
 
 
 
 
 
.38** 
.44** 
 
 
.33* 
.57** 
.61** 
.61** 
 
 
 
 
 
 
 
 
 
 
.46** 
 
 
.49** 
.56** 
.14 
.56** 
 
 
 
 
 
 
 
 
 
 
 
 
 
.41** 
.37* 
.25 
.41** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.68** 
.24 
.80** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.34* 
.87** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.56** 
Key: PSI-Child:  Total. Ch. stress: total child bound stress.  
*p<.05  **p<.01 (2-tailed)  
 
support of the construct validity of the ITSEA, the Externalizing and Internalizing scales of the 
ITSEA showed very low correlations with one another. In contrast, correlations between the 
Externalizing and Internalizing scales of the CBCL (r=.38, p=.001) and between the Distraction 
and Mood scales of the PSI (r=.34, p=.002) were higher. Further supporting the validity of the 
ITSEA, were the significant correlations with the corresponding Externalizing and Internalizing 
scales of the CBCL, and with the Distraction and Mood scales the PSI (Table 2). However, the 
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Externalizing scale of the ITSEA was also moderately correlated with the Internalizing scale of 
the CBCL, and with the Mood scale of the PSI. Dysregulation was strongly correlated with all 
three CBCL and PSI scales. ITSEA Competence was positively correlated with Social 
Relatedness (r=.50), and negatively correlated (non-significant) with the problem scales of the 
ITSEA, with the CBCL Externalizing and Somatization domains, and with all PSI domains.  
Table 3 presents the results of the variance of the ITSEA scores across diagnostic 
groups. Among the second-order domains, scores on Externalizing, Internalizing, Competence, 
and Social Relatedness domains significantly differed across diagnostic groups. No differences 
between groups were found on the Dysregulation domain, and on the Maladaptive and 
Atypical clusters. Of all domains, Externalizing most strongly differed between groups, with 
the highest scores being reported in the ‘externalizing’ and ‘internalizing’ diagnostic groups, 
and the lowest scores in the ASD and ‘no disorder’ groups. These differences were mostly 
accounted for by specific Externalizing subscales, referring to aggression. Internalizing scores 
were highest in the ‘internalizing’ group and differentiated this group from the ‘externalizing’ 
and ‘no disorder’ groups, but not from the ‘ASD’ group. However, these differences were 
accounted for by scores on the Depression-Withdrawal subscale and not to scores on the two 
anxiety or Inhibition-to-Novelty subscale. Scores on the Dysregulation domain did not 
significantly differ between diagnostic groups, but scores on the subscale Negative-
Emotionality were significantly higher in the ‘internalizing’ group than in the other diagnostic 
groups. Scores for Competence, which were lowest in the ‘ASD’ group, also differed between 
diagnostic groups. This was mainly due to scores on the subscales Prosocial Peer Interactions 
and Empathy, which were significantly different in the ‘ASD’ group compared to the 
‘externalizing’, ‘internalizing’, and ‘no disorder’ groups.  Scores on the subscale Imitation-Play 
also differentiated between diagnostic groups, being lowest in the ‘ASD’ group. Scores on the 
Social-Relatedness cluster were highest in the ‘no disorder’ group, but the only significant 
difference was between this group and the ‘ASD’ group. Scores on the Atypical and 
Maladaptive clusters did not significantly differ between the diagnostic groups.  
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Table 3. Analysis of variance of mothers’ ITSEA ratings for diagnoses: means (Standard 
Deviation) and Post hoc comparisons 
 
ITSEA factors                                                                  Diagnostic group (N=85) Effect size Comparison statistics: 
Post hoc (Tukey HSD) 
(1st order and 2nd order) ASD  (n=36)  
Ext 
(n=24) 
Int 
(n=16) 
No  
(n=9) 
Ω² F-ratio group  
F (df 3, 81) 
Externalizing 
I- Activity-Impulsivity 
I- aggression-defiance  
I-Peer-Aggression 
 
Internalizing 
I-Depression-Withdrawal 
I-General-Anxiety 
I-Separation-Distress 
I-Inhibition-to-Novelty 
 
Dysregulation 
I-Sleep 
I-Negative-Emotionality 
I-Eating-problems 
I-Sensory-Sensitivity 
 
Competence 
I-Compliance 
I-Attention 
I-Imitation-Play 
I-Mastery-Motivation 
I-Empathy 
I-Prosocial-Peer-Interactions 
 
Maladaptive 
Social-Relatedness 
Atypical 
Clinical-Significance 
.66 (.39) 
.99 (.52) 
.64 (.48) 
.34 (.45) 
 
.63 (.31) 
.41 (.33) 
.50 (.33) 
.74 (.40) 
.85 (.69) 
 
.67 (.31) 
.62 (.50) 
.87 (.48) 
.62 (.39) 
.56 (.37) 
 
.88 (.32) 
.98 (.42) 
1.04 (.48) 
1.04 (.53) 
1.24 (.39) 
.61 (.51) 
.46 (.41) 
 
.25 (.20) 
1.21 (.34) 
.77 (.42) 
.67 (.30) 
1.10 (.45) 
1.43 (.52) 
1.07 (.48) 
.77 (.60) 
 
.55 (.28) 
.28 (.31) 
..52 (.31) 
.87 (.49) 
.60 (.65) 
 
.79 (.39) 
.64 (.61) 
1.11 (.49) 
.72 (.41) 
.53 (.42) 
 
1.11 (.35) 
  .89 (.40) 
1.05 (.48) 
1.34 (.40) 
1.42 (.40) 
  .99 (.54) 
1.02 (.56) 
 
.21 (.24) 
1.40 (.26) 
.53 (.48) 
      .88 (.20) 
1.04 (.40) 
1.24 (.47) 
1.16 (.38) 
.68 (.59) 
 
.85 (.33) 
.63 (.43) 
.66 (.33) 
1.04 (.52) 
1.14 (.66) 
 
 .85 (.34) 
 .85 (.61) 
1.23 (.44) 
 .60 (.35) 
 .58 (.40) 
 
1.05 (.28) 
 .85 (.29) 
 .95 (.46) 
1.37 (.45) 
1.23 (.44) 
1.17 (.50) 
  .78 (.44) 
 
.21 (.17) 
1.27 (.26) 
.66 (.34) 
.85 (.35) 
.63 (.28) 
1.03 (.38) 
 .59 (.30) 
 .31 (.53) 
 
.51 (.30) 
.18 (.21) 
.45 (.35) 
.89 (.37) 
.57 (.56) 
 
.67 (.30) 
.82 (.80) 
73 (.35) 
.61 (.34) 
.55 (.27) 
 
1.17 (.29) 
1.21 (.33) 
1.26 (.33) 
1.38  (.35) 
1.57 (.30) 
1.32 (.40) 
  .66 (.57) 
 
.13 (.17) 
1.56 (.19) 
.58 (.21) 
.77 (.24) 
.19 
.09 
.20 
.09 
 
.09 
.11 
.00 
.02 
.05 
 
.01 
.00 
.09 
.02 
.03 
 
.08 
.03 
.00 
.07 
.05 
.18 
.16 
 
.02 
.11 
.00 
.07 
6.97**  Ext>ASD**,Int>ASD*, Ext>No* 
4.12**  Ext>ASD** 
7.67***Ext>ASD**Int>ASD**Int>Ext>No* 
3.43*     Ext>ASD* 
 
3.94** Int>Ext, No* 
4.74** Int>Ext>No* 
ns 
ns 
ns 
 
ns 
ns 
3.49* 
ns 
ns 
 
3.51* Ext>ASD* 
ns 
ns 
3.07* 
ns 
6.71*** No, Int>ASD**, Ext>ASD* 
7.85*** Ext>ASD*** 
 
NS 
4.33** No>ASD* 
NS 
2.78* Ext >ASD 
Key: ASD=Autism Spectrum Disorder; Ext=Externalizing disorder; Ext=Externalizing disorder; No= no mental disorder; ns=non-significant 
Effect size (Ω²): large (> .138), medium ( > .059), and small ( > .010) (large and medium effect sizes in bold) 
*p< .05  **p<.01 ***p<.001 
 
 
The classification results by discriminant function analysis for diagnostic groups with all 
ITSEA scales together as predictor variables are summarized in Table 4. In the three-function 
model that was obtained, the two first functions predicted 80.7 % of the variance in group 
membership. The first discriminant function (canonical correlation=.65, Wilks' lambda, 
F(3,81)=.29, p=.001) - with the highest contribution from the Externalizing subscales 
(Aggression, Peer-Aggression and Activity-Impulsivity), and from two Competence subscales 
(Prosocial-peer-Interactions and Imitation-Play) - discriminated the ‘externalizing’ group from 
the other groups. The second discriminant function (canonical correlation=.58, Wilks' lambda, 
F(3,81)=.51, p<.05) - with highest contribution from Depression-Withdrawal, Inhibition to 
Novelty and General Anxiety - discriminated the ‘internalizing’ group from the other groups. 
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Table 4. Discriminant analysis classification based on ITSEA 1st *and 2nd ** order  
scales 
 
Diagnostic group 
 
Predicted group membership with 1st  order scales % (n) 
Total 
n 
 
Actual group 
 
ASD 
 
Ext 
 
Int 
 
No diagnosis 
 
ASD 
Ext 
Int 
No diagnosis 
Total 
 
77.8 (28) 
16.7 (4) 
18.8 (3) 
44.4 (4) 
11.1 (4) 
75.0 (18)  
12.5 (2) 
11.1 (1) 
2.8 (1) 
8.3 (2) 
68.8 (11) 
11.1 (1) 
8.3 (3) 
.0 (0) 
.0 (0)  
33.3 (3) 
36 
24 
16 
9 
85 
 *70.6% of original group correctly classified 
 
 
 
Diagnostic group 
 
Predicted group membership with 2nd order scales  % (n) 
Total 
n 
 
Actual group 
 
ASD 
 
Ext 
 
Int 
 
No diagnosis 
 
ASD 
Ext 
Int 
No diagnosis 
Total  
72.2 (26) 
12.5 (3) 
25 (4) 
55.6 (5) 
13.9 (5) 
66.7 (16)  
25 (4) 
11.1 (1) 
8.3 (3) 
12.5 (3) 
50.0 (8) 
.0 (0) 
 5.6 (2) 
 8.3 (2) 
 .0 (0)  
33.3 (3) 
36 
24 
16 
9 
85 
 
**62.4% of original group correctly classified 
 
Key: ASD=Autism Spectrum Disorder; Ext=Externalizing disorder; Ext=Externalizing disorder; No= no mental disorder 
 
The third discriminant function finally, (canonical correlation=.48, Wilks' lambda, F(3,81)=.77, 
not significant) - with the highest contribution from three Competence subscales (Empathy, 
Mastery Motivation and Compliance) - discriminated the ‘no disorder’ group from the other 
three groups. Classification accuracy with the ITSEA scales was 77.8% for the ASD group, 75% 
for the externalizing group, 68.8% for the internalizing group, and low (33.3%) for the ‘no 
disorder’ group. This resulted in an overall classification accuracy of the ITSEA subscales of 
70.6%, whereas the second order scales led to a lower classification accuracy of 62.4%. In 
comparison, the classification accuracy of the second order CBCL scales was 40.5%  (44.1% for 
the ASD group, 31.8% for the externalizing group, 37.5% for the internalizing group and 57.1% 
for the ‘no disorder’ group.  
 
Discussion 
A prerequisite for more accurate assessment of mental disorders in preschool children is 
the availability of reliable and valid instruments that are comprehensive and developmental 
sensitive. To our knowledge, this study is the first to examine the reliability and validity of the 
ITSEA in a preschool psychiatric sample. On average, we found a good inter-rater reliability  
between parents, with correlations that were slightly higher than those found by Carter and 
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colleagues (2003) in a community sample. As suggested by Baker and colleagues (2003), who 
have found higher agreement between parents of disabled children than among the parents 
of nondisabled children, this may reflect the relatively stronger salience of problems for the 
parents of children with disorders. Our results further confirm previous findings on the validity 
of the ITSEA (Briggs-Gowan & Carter, 2007; Carter et al., 2003) by showing only a low-to-
moderate correlation between different ITSEA domains.  
The validity of the ITSEA Externalizing and Internalizing domains was supported by the 
highest correlations with similar domains of the CBCL and PSI. The finding that the ITSEA 
Externalizing domain was correlated with the CBCL Internalizing domain, could reflect overlap 
within the CBCL, where the Internalizing and Internalizing scales were correlated. Correlation 
between the ITSEA Externalizing and PSI Mood domains, could likewise reflect overlap within 
the PSI, where Distractibility and Mood domains were correlated as well. The Competence 
domain was not or negatively correlated with problem domains but was positively correlated 
with Social Relatedness and developmental level. The latter correlation was only present 
when the extreme developmental levels were compared (i.e. children within the normal range 
vs children with severe mental retardation). Finally, the construct validity of the ITSEA as a 
measure of psychopathology differed by scales, subscales, and item clusters.  
When considered in isolation, the Externalizing and Internalizing scales showed some 
overlap between disorders. Indeed, the Externalizing domain differentiated between children 
with externalizing disorders and children with ASD or ‘no disorder’, but not between children 
with internalizing disorders who also had high scores on Externalizing behavior and even 
higher scores on Aggression-Defiance. Similar findings have been reported in previous studies, 
i.e. lower rates of disruptive (aggression-related) behavior in preschoolers with ASD (Gadow 
et al., 2004), and high rates of externalizing behavior in children with internalizing disorders 
(Keenan et al., 1997; Lavigne et al., 1996;. Sterba et al., 2007;  Thomas & Guskin, 2001). Scores 
on the Internalizing domain did not - or only poorly - distinguish between the various 
diagnostic groups. Indeed, in our sample no significant differences between disorders were 
found on the Anxiety subscales in contrast to the Depression-Withdrawn subscale. The latter 
scale distinguished the ‘internalizing’ group from the ‘externalizing’ and ‘no disorder’ groups 
but not from the ‘ASD’ group. A possible explanation may reside in the constructs underlying 
the Internalizing domain - particularly the Depression-Withdrawn and Inhibition-to-Novelty 
subscales - which may apply to both internalizing disorders and ASD. The lack of between-
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group differences in Dysregulation scores is not surprising. Firstly, this domain is 
heterogeneous in content of the scales, one of which (Sensory Sensitivities) having shown 
marginal internal consistency (Briggs-Gowan & Carter, 2007). Second, early problems in the 
regulation of emotions, behavior and sensory processes, have been associated with both 
externalizing and internalizing problems (Eisenberg, Cumberland, Spinrad, Fabes, Shepard, 
Reiser, et al., 2005; Gilliom & Shaw, 2004; Shaw, Owens, Giovannelli & Winslow, 2001; 
Shonkoff & Phillips, 2000) and with different disorders at older age (Caspi et al., 1996; De 
Gangi et al., 1993, 2000). Lastly, sleeping and eating problems, which are included in the 
Dysregulation domain, are common in both externalizing and internalizing disorders (Ong et 
al., 2006) and in children with ASD as well (Ben-Sasson, Cermak, Orsmond, Tager-Flusberg, 
Kadlec & Carter, 2008; Rogers, Hepburn & Wehner, 2003). Regulation problems may in fact 
be considered as a marker of impairment, as adaptive functioning in these areas is easily 
compromised by externalizing, internalizing and/ or ASD symptoms. Differences in scores on 
Social Relatedness were only found between children in the ‘ASD’ and ‘no disorder’ groups, 
suggesting that children with externalizing and internalizing disorders in our sample had social 
problems as well. Furthermore, several items within the Social relatedness domain, i.e. ‘Looks 
for you when upset’, ‘prefers you over other adults’ also applies to attachment insecurity in 
addition to social impairment. It should also be noted that the agreement between parents 
was lowest, but still acceptable, on Social Relatedness (ICC=.47).  The absence of significant 
differences on the item clusters Maladaptive and Clinical Significance can be explained by the 
low occurrence, large standard deviations, and heterogeneity of the underlying item 
constructs, resulting in low internal consistency (Briggs-Gowan & Carter, 2007). Although in 
our sample the ‘ASD’ group scored relatively high on the Atypical cluster, this difference was 
not significant, suggesting that other groups had similar problems.  
Further exploration with discriminant function analysis revealed that the combinations 
of ITSEA subscales led to acceptable diagnostic accuracy for the three diagnostic groups. The 
‘externalizing’ group could be distinguished from the other diagnostic groups by the 
combination of high scores on the Externalizing scales (Aggression, Activity-Impulsivity), 
Competence scales (Prosocial Peer Interaction, Imitation Play), and Dysregulation (Negative-
Emotionality). This is consistent with the observation of the role of temperament-based 
constructs, especially negative emotionality in the liability to develop a disorder (Caspi et al., 
1996; Nigg, 2006). The ‘internalizing’ group could be distinguished from the other groups by 
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the combination of Internalizing scales (Depression-Withdrawal, Inhibition to Novelty and the 
two Anxiety scales). The ‘no disorder’ group without major mental disorders was 
characterized by the combination of high scores on three Competence scales (Empathy, 
Mastery Motivation, and Compliance); however, the small size of this group hindered us from 
drawing firm conclusions about this apparent association. The ‘ASD’ group could be 
distinguished from the other groups by negative scores on the three discriminative functions 
mentioned before, above all on the function characterizing the ‘externalizing’ group. This is 
consistent with the relatively low rates of aggression-related problems in young children with 
ASD (Gadow et al., 2004), and the prominence of delays in the acquisition of competencies 
above the presence of typical symptoms (Wetherby, Prizant & Schuler, 2000). Taken 
separately, problem scales did not or did insufficiently differentiate between disorders. This is 
not surprising given that certain items may apply to more than one disorder –such as the 
Dysregulation scale and two items from the Social relatedness domain – and given the high 
occurrence of comorbid problems or disorders in young children (Egger & Angold, 2006). 
Comparable analyses with the CBCL broad domains revealed that the ITSEA broad domains 
led to more accurate diagnostic accuracy, except for the ‘no disorder’ group. However, the 
small size of this group hinders reliable interpretations.     
A limitation of the present study is that we did not use a structured psychiatric 
interview. However, “best estimate” diagnoses were established, based on comprehensive 
clinical evaluations and judgment by experienced clinicians, among whom there was excellent 
inter-rater agreement. It should further be noted that although the Vineland Adaptive 
Behavior Scales were used to assess developmental level and self-sufficiency capacities of the 
severely retarded children, these scales cannot be considered equivalent to a standardized 
developmental test. Another limitation is the relatively small sample size - in particularly of 
the ‘no disorder’ subgroup - and unequal size of diagnostic groups. This limits the 
generalizability of our findings. In this study the validity of the ITSEA was tested (1) by 
comparison with two other parent questionnaires to exclude differences in type of informant 
as a cause of discrepancies between instruments, and (2) in relation to clinical diagnoses after 
multidisciplinary assessment. In future research it would be interesting to investigate the 
convergence of ITSEA scores as administered to different types of  informants, e.g. parents, 
day care providers, and teachers.  
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Nevertheless, the diagnostic diversity of our sample enabled comparisons that would 
not have been possible in a diagnostic homogeneous group. Previous studies on preschool 
psychopathology have often been restricted to specific diagnostic groups, such as ASD, ADHD, 
conduct disorders, and depression (Kashani, Allan, Beck, Bledsoe & Reid, 1997; Luby, 
Heffelfinger, Mrakotsky, Hessler, Brown & Hildebrand, 2002; Luby, Heffelfinger, Mrakotsky, 
Brown, Hessler, Wallis et al., 2003). Although a few studies have addressed a fuller range of 
diagnostic categories, important categories (such as ASD) were missing (Keenan et al., 1997; 
Lavigne et al., 1996; Sterba, Egger & Angold, 2007), and in the study of Gadow and colleagues 
(2004), DSM-IV based psychiatric symptoms were evaluated but not symptoms based on 
temperament or dysregulation concepts. The poor distinction and overlap between 
behavioral and developmental disorders or problems during early development and the effect 
of comorbidity (Briggs-Gowan et al., 2006) on the course of psychopathology require the 
investigation of a wide range of problem domains or diagnostic groups. 
Although the ITSEA was only validated for younger children, we found the dimensional 
scores on the ITSEA and its underlying constructs to be applicable in our older preschool 
population. The ITSEA combines different models of psychopathology, such as temperament-
based constructs, externalizing and internalizing dimensions, a competence dimension, and 
DSM-IV symptoms. The combination of these different constructs facilitated the distinction 
between diagnostic groups, despite substantial overlap in problems between the groups. This 
overlap may be interpreted as the presence of co-morbidity. Indeed, as the ITSEA covers a 
broad range of problems in a dimensional way, subthreshold and non-criterial symptoms are 
addressed, i.e. symptoms not mentioned in the current criteria for disorders but that may 
strongly affect impairment and outcome (Pickles & Angold, 2003). However, the overlap was 
also due to the constructs underlying the scales: this was particularly the case for several items 
in the Depression/ Withdrawal scale, which apply to both depression and ASD, e.g. seems 
withdrawn, avoids physical contact and does not make eye contact, and to several items of 
the Social-Relatedness scale that apply to social relation problems in the context of both ASD 
and attachment insecurity. In conclusion, our findings show that diagnostic accuracy with the 
ITSEA scales was possible for three broad psychiatric syndromes although the composition of 
the individual subscales did not really fit into diagnostic concepts.  
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Clinical implications 
The agreement between parent-reported information on a questionnaire and diagnoses 
based on comprehensive clinical assessment support the validity of parent-reported 
information. The dimensional construction of the broad range of problem and competence 
domains as in the ITSEA may help reduce parental bias. Indeed, while parents are relatively 
good informants of their children’s behavior and development they are less able to judge 
whether behaviors are typical or atypical (Lord, 1995).  
Our findings emphasize the importance of combining a wide range of domains as 
represented in the ITSEA constructs, as this may facilitate the identification of individual 
profiles of children’s functioning. This is very relevant for a better understanding of the 
features characterizing mental disorders in early childhood. Although these features only 
partly fit into specific diagnostic categories, they do reveal problems that often accompany 
the core symptoms. As these problems increase impairment and are often very stressful for 
caregivers, they should be considered as important targets of intervention.   
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CHAPTER 5 
Narrowly versus broadly defined autism spectrum 
disorders: Differences in pre- and perinatal risk factors 
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Buitelaar, J. K. (2013). Narrowly versus broadly defined autism spectrum disorders:  
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Abstract  
 This study investigated the contribution of pre- and perinatal risks as retrospectively recalled 
by parents to severity of core autistic symptom domains, IQ and co-occurring problems in 
children with ASD in general and in the narrowly and broadly defined ASD phenotypes. 
Children with a DSM-IV diagnosis of autistic disorder (AD) (n=121) or Pervasive Developmental 
Disorder Not Otherwise Specified (PDD-NOS) (n=75) were compared to a typical control 
sample (n=311). Diagnoses were based on extensive assessments between 12 and 49 months 
of age (M = 33.3, SD = 6.4) and re-evaluated at 43 to 98 months (M = 68.1, SD = 10.7) in 70% 
of the cases. Compared with controls, cases with ASD were more likely to be firstborn and 
show a suboptimal condition after birth. Case mothers reported more infections and more 
stress during pregnancy. Although the ASD subgroups showed mostly overlapping risks, cases 
with PDD-NOS (broader ASD) differed from those with AD by higher exposure to smoking 
during pregnancy and by a negative association of smoking with IQ, regardless of confounders. 
SDP appears to contribute more to broadly defined (PDD-NOS) than to narrowly defined ASD 
(AD). Findings suggest differences in etiological contributors between ASD phenotypes. 
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Introduction 
Autism spectrum disorders (ASDs) are neurodevelopmental disorders characterized by 
impairments in social reciprocity, communication deficits and restricted or repetitive 
behaviors and interests. Although ASDs are predominantly genetically determined (Freitag, 
2007; Lichtenstein, Carlstrom, Rastam, Gillberg, & Anckarsater, 2010), previous studies have 
shown that adverse pre- and perinatal conditions may also contribute, including increased 
parental age, maternal infections, fetal hypoxia, prematurity and low birth weight (see 
Gardener, Spiegelman, & Buka, 2009, 2011 and Kolevzon, Gross, & Reichenberg, 2007 for 
reviews). These factors are not purely environmental, but may be viewed as correlating and 
interacting with the genetic susceptibility for ASD (Bolton, et al., 1997; Ronald, Happe, 
Dworzynski, Bolton, & Plomin, 2010; Rutter & Silberg, 2002; Thapar & Rutter, 2009; 
Zwaigenbaum, et al., 2002). In studies on pre- and perinatal risk factors in ASD, the differential 
role of these risks across ASD phenotypes has received little attention. ASDs represent a 
heterogeneous set of disorders and it is likely that the phenotypic heterogeneity of ASDs partly 
reflects etiological heterogeneity (Bill & Geschwind, 2009; Constantino, 2011). This study was 
undertaken to improve our understanding of clinical and etiological heterogeneity of ASD by 
examining the relation of pre- and perinatal factors to psychopathology along the whole range 
of severity in children with an ASD diagnosis, and in narrowly versus broadly defined ASD 
subgroups.   
For defining ASD phenotypes there is growing consensus that dimensional approaches 
should be taken to measure disorders. In the current DSM-IV-TR taxonomy, the distinction 
between the categories autistic disorder (AD), Asperger syndrome (AS) and Pervasive 
Developmental Disorder Not Otherwise Specified (PDD-NOS) is disputed due to its 
associations with severity, language level or intelligence rather than with the core symptom 
domains (Snow & Lecavalier, 2011; Witwer & Lecavalier, 2008). Differentiation between ASDs 
based on quality of affected symptom domains is further hampered by a high degree of co-
occurrence between core domains, with severity of impairment in one domain often 
predicting impairment in the others (Constantino & Todd 2008; Gotham, Risi, Pickles, & Lord, 
2007). Furthermore, the validity of AS and PDD-NOS as diagnostic entities is questionable since 
not all three symptom domains need to be affected in these diagnoses. PDD-NOS is mostly 
criticized for its heterogeneity, since the criteria can also be met when all three domains are 
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affected but less severely (Towbin, Pradella, Gorrindo, Pine, & Leibenluft, 2005; Walker, et al., 
2004). These considerations have led to propose new diagnostic criteria for ASD in the DSM-5 
by merging the various ASD subcategories into one overall quantitative autistic spectrum.  
However, with regard to the relationship of risk factors with autistic and associated 
psychopathology, there is support for both quantitative (i.e. dimensional) and qualitative (i.e. 
categorical) risk models. On the one hand, several studies have found that similar genetic 
and/or environmental factors impact on quantitative variation in autistic traits irrespective of 
the core symptom domains (Constantino, 2011; Lecavalier, Gadow, DeVincent, Houts, & 
Edwards, 2009; Spiker, Lotspeich, Dimiceli, Myers, & Risch, 2002). The role of heritability as 
well as the associations with pre- and perinatal risks have further been shown to extend into 
broader phenotypes that may even fall outside the ASD classification  (Bolton, et al., 1997; 
Juul-Dam, Townsend, & Courchesne, 2001; Robinson, et al., 2011a; Zwaigenbaum, et al., 
2002). On the other hand, it has been found that genetic influences were largely specific for 
one part of the key domains (Happe & Ronald, 2008; Robinson, et al., 2011b) and that the 
associations with pre- and perinatal factors may differ between ASD subtypes (Glasson, et al., 
2004; Kalkbrenner, et al., 2012). We thus investigated to what extend pre- and perinatal risks 
are associated with autistic symptom domains along the whole range of severity in ASD and 
in narrowly defined ASD versus broadly defined ASD.  
In addition to investigating the associations of pre- and perinatal risks to core autistic 
domains it is very relevant to also investigate their associations with related domains, such as 
IQ and accompanying behavioral problems. These problems occur in 40 to 70% of children 
with ASD (Charman, et al., 2011; Gadow, DeVincent, Pomeroy, & Azizian, 2004; Simonoff, et 
al., 2008) and contribute to the phenotypic expression of ASD (Georgiades, et al., 2011; 
Hoekstra, Happe, Baron-Cohen, & Ronald, 2010; Leyfer, et al., 2006; Matson, et al., 2011; 
Matson, Worley, Neal, Mahan, & Fodstad, 2010; Reiersen, Constantino, Grimmer, Martin, & 
Todd, 2008; Ronald, Edelson, Asherson, & Saudino, 2010a; Yerys, et al., 2009). Moreover, 
some of these associated problems, in particular ADHD related problems, have shown 
etiological overlap with ASD at the genetic level (Reiersen & Todorov, 2011; Rommelse, 
Franke, Geurts, Hartman, & Buitelaar, 2010) and with regard to involvement of pre- and 
perinatal risks, including smoking during pregnancy, asphyxia and low birth weight (Huizink & 
Mulder, 2006; Newcombe, Milne, Caspi, Poulton, & Moffitt, 2007; Saigal, Pinelli, Hoult, Kim, 
& Boyle, 2003; Samara, Marlow, & Wolke, 2008). The simultaneous exploration of autistic and 
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co-morbid features in relation to pre- and perinatal risks may thus shed light on domain 
specific associations with risk factors in ASD. 
Earlier studies on pregnancy related factors in ASD have mostly compared children 
with ASD as one group with typical developing children or children with other disabilities 
(Bolton, et al., 1997; Bryson, Smith, & Eastwood, 1988; Buchmayer, et al., 2009; Burd, Severud, 
Kerbeshian, & Klug, 1999; Deb, Prasad, Seth, & Eagles, 1997; Hultman, Sparen, & Cnattingius, 
2002; Larsson, et al., 2005; Lord, Mulloy, Wendelboe, & Schopler, 1991; Mann, McDermott, 
Bao, Hardin, & Gregg, 2010; Piven, et al., 1993; Schendel & Bhasin, 2008). The increased 
incidence of a variety of pre- and perinatal risks that was generally found in these case-control 
studies is difficult to interpret etiologically due to lack of quantitative or qualitative 
specification of the ASD phenotype. Quantitative risk models for pre- and perinatal etiology in 
ASD have been addressed by two recent studies, examining pre- and perinatal variables in 
relation to severity of autistic symptoms in a clinical sample with ASD (Wallace, Anderson, & 
Dubrow, 2008) and in a large population based twin sample (Ronald, Happe, et al., 2010b). In 
the two studies several prenatal risks were associated with severity of autistic symptoms, 
namely: maternal hypertension-related conditions in the Wallace et al. (2008) study, and 
(weakly) with number of cigarettes smoked by the mother, gestation and birth weight in the 
Ronald et al. (2010b) study. The later study also investigated the separate autistic domains 
and found no specific associations with prenatal risks (Ronald et al., 2010a, b, c). Categorical 
risk models relating to ASD diagnosis have been addressed by Juul-Dam et al. (2001) finding 
increased incidence of several risk factors in AD and PDD-NOS compared to a large population 
based control group, but no differences between AD and PDD-NOS. Similarly, in the 
Zwaigenbaum et al. (2002) study with children with ASD and their unaffected siblings, ASD 
subtype taken as co-variable did not influence the associations with pregnancy related risks, 
suggesting that the different ASD subtypes share the same risk factors. However, the 
composite measure used in this study for the risk factors might have masked specific effects. 
Glasson et al. (2004) did find support for differences in pregnancy related risk between the 
ASD subtypes, with AS children having the fewest complications, followed by PDD-NOS 
children and lastly the AD children. However, differences between groups like intelligence 
might have confounded the results. Therefore, it remains to be determined whether 
differences in prenatal risks exist between ASD phenotypes.  
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This study focused on the association of pre- and perinatal risk factors to core autistic 
domains and to related domains, investigating to what extent associations with risk factors 
are continuously distributed across the whole range of ASDs or differ between the narrowly 
versus broadly defined autistic phenotypes. For this purpose we first compared the 
occurrence of pre- and perinatal risk factors in an ASD group and a typical control group 
matched for age and gender. Secondly, within the whole ASD group and in the narrow (AD) 
and broad ASD (PDD-NOS) subgroups the same risk factors were examined. If significant 
differences emerged between groups (i.e. whole ASD versus control groups and broad versus 
narrow ASD subgroups) with regard to pre- and perinatal factors, associations of these factors 
with the autistic core domains (social reciprocity, communication and restricted repetitive 
behavior) and with associated domains (IQ and behavioral problems) were analyzed.  
 
Methods 
Participants 
The study included 196 children (82.1% boys) with ASD and 311 healthy control 
children (81.4% boys). The ASD sample consisted of all children who received an ASD diagnosis 
from a sample of 278 children at high-risk for ASD consecutively enrolled in in the DIANE study 
(Diagnosis and Intervention of Autism in the Netherlands) (Oosterling et al. 2010) between 
October 2003 and April 2007 at Karakter Child and Adolescent Psychiatry University Centre, 
Nijmegen, the Netherlands. This study, focusing on early detection and intervention of ASD, 
enrolled children between 12 and 40 months of age with a positive score (≥3 items) on the 
ESAT 14-items questionnaire (Early Screening of Autistic Traits Questionnaire) (Swinkels, et 
al., 2006) and/or for whom there were major concerns regarding social and communicative 
development. Families of children enrolled in the initial study were contacted  to undergo a 
follow up assessment 2 to 4 years later. In order to improve diagnostic reliability, given the 
very young age of the sample, the diagnoses used in the present study are based on the follow 
up assessment or, in case of non-participation (i.e. 30% of the cases), on the first assessment. 
Diagnoses were assigned between 4 and 12 weeks after the first assessment, which was at 43 
to 98 months of age (M = 68.1, SD = 10.7) in 70% of the sample and at 12 to 49 months of age 
(M = 33.3, SD = 6.4) in 30% of the sample. The total mean age of diagnosis was 56.47 months 
(SD=19.0; range=15 to 98 months). Ethnically, 88.8% were Caucasian and 12.2% were from 
non-western ethnicity. Measures from the ASD samples used in the present study were based 
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on the first assessment and are summarized in Table 1. A gender-matched group of 311 
controls from the same birth cohort (M=36.1; SD=8.35) and geographical region was 
 
Table 1. Characteristics of autistic subgroups 
 
Key: a = age at first assessment.; ns= not significant; *n=87; **n=50; ADOS (revised algorithm): RRB= 
Restrictive Repetitive Behaviors; ADI-R: RSI=Reciprocal Social Interaction; N/V= Non-verbal or Verbal;  
RRSB= Restricted Repetitive or Stereotyped Behaviors; CBCL: T-scores.  
 
 
recruited through multiple pre-school day care centres intended for children with a normal 
development in the ages of 2 to 4 years. Before inclusion, all control children had been 
screened with the ESAT and excluded in case of a positive score. The study was approved by 
the Medical Ethical Committee of the Radboud University Medical Centre Nijmegen, the 
Netherlands. 
 
 
VARIABLES 
 
 
   AD                             PDD-NOS 
n=121                            n = 75 
                        
                      (Mean (SD) (min-max))  
 
AD vs PDD-
NOS 
 
p value 
Age child in months a  
(M (SD)) 
 
32.6 (6.6) 
 
34.6 (5.8) 
 
ns 
Age mother in years (M (SD)) 
 
n=112 
31.3 (4.6) 
n=73 
31.4 (4.9) 
 
ns 
Age father (M (SD)) n=110 
33.7 (5.5)  
n=69 
33.5 (4.0) 
 
ns 
 
Education mother  
(range: 1-7; (M (SD)) 
 
 
n=120  
4.6 (2.1) 
 
n=72  
4.4 (2.0) 
 
 
ns 
Education father  
(range: 1-7; (M (SD)) 
n=117  
4.8 (2.5) 
n=70  
4.2 (2.3) 
 
ns 
 
IQ  
(range: 11-144)  
 
n=117  
54.8 (19.5) (11-117) 
 
n=74 
78.1 (21.2) (38-144) 
 
 
<.0001 
 
ADOS  
Social affect (range: 0- 20) 
RRB (range: 0-7)   
 
n=115 
14.5 (4.9) (1-20) 
2.8 (1.8) (0-7) 
 
n=72 
7.35 (4.8) (0-20) 
1.4 (1.4) (0-6) 
 
 
<.0001 
<.0001 
 
ADI-R 
RSI (range: 0-24) 
Communication NV/V (range: 0-19) 
RRSB (range: 0-8) 
 
n=105 
10.9 (6.0)  (0-24) 
8.7 (4.0)  (1-16) 
2.9 (1.9)  (0-8) 
 
n=63 
10.7 (5.9) (0-20) 
7.7 (3.7)  (0-19) 
2.8 (1.9) (0-7) 
 
 
ns 
ns 
ns 
 
CBCL-1 ½ -5  
Emotionally Reactive (range: 50-93) 
 
n=120 
62.7 (9.5) (50-83) 
 
n=73 
65.6 (11.1) (50-93) 
 
 
ns 
 
Sleep problems (range: 50-88) 
 
55.2 (7.5) (50-88) 
 
56.3 (8.2) (50-83) 
 
ns 
 
Anxious-Depressed (range: 50-87) 
 
55.1 (6.8) (50-87) 
 
56.1 (7.5) (50-79) 
 
ns 
 
Somatic complaints (range: 50-80) 
 
57.1 (7.9) (50-80) 
 
58.1 (7.6) (50-76) 
 
ns 
 
Withdrawn (range: 50-97)  
 
73.7 (10.6) (50-97) 
 
69.4 (9.4) (52-97) 
 
.006 
 
Inattention (range: 50-80) 
 
61.0 (9.7) (50-80) 
 
62.1 (9.6) (50-80) 
 
ns 
 
Aggression (range: 50-95) 
 
59.7 (9.4) (50-95) 
 
64.6 (13.2) (50-98) 
 
.003 
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Diagnostic protocol 
The diagnostic protocol included: (a) medical and developmental history; (b) semi-
structured parent–child play observation; (c) psychiatric evaluation; (d) the Autism Diagnostic 
Observation Schedule (ADOS) (Lord, et al., 2001); (e) IQ measured with the Mullen Scales of 
Early Learning (Mullen, 1995) or with the Psychoeducational Profile-Revised (PEP-R; Schopler, 
et al., 1990). For the PEP-R, IQ was calculated as: (developmental age in months/chronological 
age in months) * 100); (f) the Autism Diagnostic Interview-Revised (ADI-R) (Rutter, et al., 
2003); and (g) the Child Behavior Checklist - 1½-5) (CBCL) (Achenbach & Rescorla, 2000), for 
evaluation of co-morbid behavior problems. The ADOS and ADI-R were administered by 
psychologists who met standard requirements for research reliability. Based on the total of 
aforementioned data, at least two highly experienced clinicians – a child psychiatrist and a 
psychologist – achieved consensus best-estimate clinical diagnostic classifications (BECD; 
American Psychiatric Association, 2000). The classification rules for AD and the broad ASD 
(PDD-NOS) were based on DSM-IV-TR criteria with a cut-off point for PDD-NOS of three (and 
maximal five) items including one social interaction item (Buitelaar & van der Gaag, 1998).   
 
Measures 
Pre- and perinatal information was retrospectively obtained through a questionnaire 
that was filled out by the parents before diagnostic assessments. The questionnaire is derived 
from the Prechtl optimality scales used by (Gillberg & Gillberg, 1983), with addition of relevant 
items like paternal age, intoxications and maternal stress. As shown in Table 2, several items 
were not included in the analyses because of underreport. Different from the Prechtl scales, 
the critical parental age was further raised to 35 years for the mother and to 40 years for the 
father, taking account of the mean age of the parents in our sample. For each prenatal and 
perinatal factor, a dichotomous variable was created with code ‘1’ if the risk had occurred and 
code ‘0’ indicating the absence of the risk factor. Finally, seven dichotomized [no factor 
present (score 0) and any factor present (score 1)] aggregated factors were created grouping 
together factors that were related as for content. The remaining three factors – Maternal 
Infections, Maternal Stress and being Firstborn – were included as individual factors. 
Measures for symptom domains consisted of the social, communication and restricted 
behavior domain scores of the ADI-R and ADOS, the overall IQ score and CBCL internalizing 
and externalizing T-scores (Table 1).  
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Table 2. Aggregated and individual pre- and perinatal risk factors (dichotomous variables) 
 
Prenatal factors 
 
Perinatal factors 
 
 
1. Age parents  
Age mother ≥ 35 y 
Age father ≥ 40 y 
2. Abortion/ bleeding 
Abortion(s) in history 
Gestational bleeding 
3. Maternal diseases 
Diabetes 
Thyroid problems 
Liver disease 
Hart disease 
(Pre-)Eclampsia 
High blood pressure 
4.Maternal infections (individual factor) 
Virus and bacterial infections 
5. Maternal intoxications 
Alcohol  
Tobacco  
Drugs 
6. Psychic problems (individual factor) 
Severe maternal stress 
Depression* 
 
 
7. Labor/ parturition 
Premature membrane breaking a  
Induced labor 
Prolonged labor b 
Prolonged parturition c 
Caesarean section 
Forceps extraction  
Vacuum extraction 
8. Premature + low birth weight 
Prematurity (<37weeks) 
Low birth weight (<2500g)  
9. Suboptimal condition of child at birth 
Apgar score at 1 min <8* 
Apgar score at 5 min <8* 
Respiratory distress  
Hypotonia 
Abnormal movements  
No clear amniotic fluid 
Congenital malformation 
Special care needed for child* 
10. Firstborn (individual factor) 
Key.a>24 h before labor; b≥90 min for 1st child and ≥30 min after 1st child; c ≥24 hour for 1st child and ≥10 h after 1st Child;  
  *Items in italic were left out because of low (<50%) response rates: Depression, Apgar scores and Special care needed for child.  
 
 
Analyses 
Comparison by diagnostic grouping. Firstly, the occurrence of pre- and perinatal risk 
factors was compared between the whole ASD group and control group and secondly between 
the AD and PDD-NOS subgroups. Comparisons were made on the 7 aggregated factors and 3 
individual factors using chi-square tests. The variable Parental age was also analyzed as a 
continuous variable using independent T-tests. In case of significant between group 
differences on the aggregated factors, chi-squared tests were conducted on the underlying 
individual factors. Correction for multiple comparisons was applied according to the Holm-
Bonferroni procedure (Holm, 1997). To investigate the combined association of the 7 
aggregated and 3 individual factors with ASD, cases and control children were further 
compared using binary logistic regression to calculate odds ratios (ORs) and 95% confidence 
intervals (CIs), with values of p<.05 considered to be significant.  
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Associations with ASD symptom domains and related domains. To investigate the 
association of the significant risk factors with distinct symptom domains in ASD we conducted 
Pearson correlation analyses in the whole ASD sample. For pre- and perinatal factors that 
significantly differed between the AD and PDD-NOS, associations with the symptom domains 
were investigated in these subgroups as well. In case of a significant association, we adjusted 
for possible confounders using analyses of covariance with variables known to be of influence. 
Differences within pairs of correlation coefficients between ASD subgroups were calculated 
using Fisher r-to-z transformation. Two sided p-values were applied throughout. SPSS for 
Windows (version 15.0) was used for data analysis.  
 
Results 
Comparison by diagnostic grouping.  
Table 3 presents the 2 tests and ORs for the dichotomized  pre- and perinatal risks. 
When the whole ASD and control sample were compared, significant between group 
differences emerged on 5 factors: Maternal Infections (χ2=6.86; p=.012), Maternal Stress 
(χ2=17.69; p<.0001), Suboptimal Condition Child Post-Partum (χ2=5.04; p=.030), Prematurity-
Low Birth Weight (χ2=5.89; p=.019), and being Firstborn (χ2=8.41; p=.005). Case mothers were 
more likely to have experienced at least one infection (OR, 5.12; 95% CI, 1.51-17.32), and 
reported more stress compared to mothers of control children (OR, 3.06; 95% CI, 1.72-5.44). 
Cases were more likely to have shown at least one suboptimal condition at birth (OR, 1.55; 
95% CI, 1.02-2.37) and to be firstborn (OR, 1.75; 95% CI, 1.16-2.63). The factor Prematurity-
Low Birth weight was no longer significant in the combined regression model. Examination of 
the factors underlying Suboptimal Condition Child Post-Partum revealed that the effect was 
jointly carried by Hypoxia (χ2=6.89; p=.011), Hypotonia (χ2=6.46; p=.016) and Abnormal 
Movements (χ2=15.08; p<.0001). In comparison, the AD and PDD-NOS subgroups showed 
overlapping frequencies of all risk factors, with the exception of Intoxications (χ2=8.57; p=.005) 
that were more often reported by mothers of children with PDD-NOS (OR, 2.51; 95% CI, 1.22-
5.16). Examination of underlying factors revealed that the effect was carried by Smoking 
During Pregnancy (SDP) that showed a higher occurrence in PDD-NOS than in AD (χ2=16.73; 
p<.0001), with AD cases not differing from controls with regard to SDP (χ2=1.02; p=.337).  
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Associations of the significant risk factors with domains of impairment 
         In the whole ASD sample several risk factors were associated with ASD core domains, 
namely: Birth Weight was inversely associated with the ADI Restrictive Repetitive Behavior 
score (r= -.20; p =.011) and Maternal Infections during pregnancy with a lower score on the 
ADI Communication domain (r= -.20; p =.011). With regard to related domains, the factor 
Suboptimal Condition of the child was associated with the CBCL Internalizing scale (r=.20; 
p=.007) which, at the level of subscales was mainly accounted for by Anxiety-Depression 
(r=.23; p=.002). Maternal Stress during pregnancy was associated with the Externalizing scale 
(r=.22; p=.003) which, at the level of subscales was accounted for by Inattention (r=.26; 
p<.0001) and Aggression (r=.20; p=.006). In the whole ASD sample no associations of risk 
factors with IQ were found.   
Examination of the one factor distinguishing between ASD subgroups (Intoxications) 
revealed that Smoking During Pregnancy (SDP) and Quantity of Cigarettes Smoked During 
Pregnancy were associated with lower IQ (r=-.36; p=.002 and r=-.33; p=.008 respectively) in 
PDD-NOS but not in AD (r= -.001; p=.993 and r= -.057; p=.560 respectively) (Figure 1). The 
difference between the correlations coefficients remained significant for SDP (Z=-2.44; 
p=.014) after Fisher r-to-z transformation. Among the factors possibly confounding the 
association with SDP or IQ, i.e. parental education, Maternal Stress, Inattention and 
Aggression, only Maternal Education was related to IQ (r=.336; p=.004). Birth Weight, that 
may act as causal intermediary influenced by SDP, was found to be inversely associated with 
Inattention in PDD-NOS but not in AD (r=-.337; p=.004 and r=-.054; p=.564 respectively (Z=-
1.94; p=.050). The effect of SDP on IQ remained significant after adjusting for maternal 
education (F(1, 64)=7.13; p=.010), and for Inattention and Aggression (both not associated 
with either SDP or IQ) (F(1, 64)=8.16; p=.006). 
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                      Figure 1 Association of Smoking During Pregnancy with IQ  
                      in AD versus PDD-NOS. 
 
Discussion 
This study investigated retrospectively recalled pre- and perinatal risks in young 
children with an ASD diagnosis, focusing on the whole range of ASD and on the comparison 
of narrowly (AD) with broadly (PDD-NOS) defined ASD phenotypes. The risk factors were 
examined in relation to autistic features as well as to co-occurring psychopathology and IQ. 
Our results indicate that pregnancy related problems are more likely to have occurred in 
children with an ASD diagnosis than in healthy controls and that most pre- and perinatal risks 
are equally prevalent in the AD and PDD-NOS subgroups. However, smoking during pregnancy 
(SDP) forms a striking exception to this, being more prevalent in PDD-NOS than in AD and 
being related to a lower IQ in the PDD-NOS subgroup. This effect of SDP remained after 
controlling for maternal education, inattention and aggression. SDP was further related to 
lower birth weight in all groups, but lower birth weight was associated with inattention in the 
PDD-NOS subgroup only. In the whole ASD group there were also several associations of risk 
factors with autistic domains or co-occurring psychopathology.  
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To our knowledge, increased occurrence and effect of SDP in PDD-NOS compared to 
AD has not been reported before. However, in a recent large population based study SDP was 
found to be related to higher functioning ASD and not to AD or to ASD in general (Kalkbrenner, 
et al., 2012). An explanation for the higher occurrence of SDP in PDD-NOS versus AD children, 
may be some between group differences in parental characteristics such as age, education or 
maternal stress, i.e. factors known to be related to SDP (Havens, Simmons, Shannon, & 
Hansen, 2009; Huizink, 2009; Lee, et al., 2011). However, no such differences were found in 
mothers or fathers and the association between SDP and IQ in the PDD-NOS subgroup 
remained after adjusting for these factors. Alternatively,  the broad ASD phenotype (PDD-
NOS) may be more strongly related to inferior placenta function resulting from SDP (Knopik, 
2009). Lower birth weight is a well-established prenatal effect of SDP (Thapar, et al., 2009) 
that has also been associated with lower IQ (Newcombe, et al., 2007). If so, one would expect 
that SDP had affected fetal growth and IQ in both the PDD-NOS and AD group. We found that 
despite an association with lower birth weight in both groups, SDP only impacted on IQ in 
PDD-NOS, suggesting indeed some specific toxic effect of SDP in the PDD-NOS but not in the 
AD group. An association of SDP with cognitive deficits has been reported in community based 
studies (Fried, O'Connell, & Watkinson, 1992; Julvez, et al., 2007; Lambe, Hultman, Torrang, 
Maccabe, & Cnattingius, 2006; Sexton, Fox, & Hebel, 1990), but see Gilman, Gardener, & Buka 
(2008), possibly explained by interactions between SDP and metabolic genes, with the 
subjects with poorer detoxification ability showing poorest cognitive abilities in relation to 
SDP (Morales et al., 2009). A combination of a genetically based poorer detoxification ability 
and SDP may thus be of particular importance in PDD-NOS, but less so in AD. Alternatively, 
previous findings from genetically informed studies suggest that SDP may also be seen as a 
proxy for genetic vulnerability transmitted from the smoking mother to her offspring instead 
of a purely environmental factor (D'Onofrio, et al., 2010; Knopik, 2009; Knopik, et al., 2006; 
Obel, et al., 2011; Thapar & Rutter, 2009). Our results indicated that SDP still predicted lower 
IQ in PDD-NOS after adjusting for birth weight, an outcome heavily influenced by SDP, which 
may accord with the possibility that the genetic factors underlying AD and PDD-NOS are at 
least partly different.  
Previous studies suggesting that SDP is a proxy for genetic vulnerability also raise the 
possibility that PDD-NOS may show some etiological overlap with disorders such as ADHD that 
are also related to genetic factors increasing SDP (Knopik, et al., 2005; Obel, et al., 2011; 
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Thapar, et al., 2009). Although we found no direct association of SDP with ADHD-related 
symptoms, lower birth weight was specifically associated with Inattention in the PDD-NOS 
subgroup and not in ASD, suggesting similarities in the origins of PDD-NOS and inattention. In 
this line, results based on a twin sample have shown that one of the risk alleles increasing the 
risk for severe ADHD combined subtype in the presence of SDP (Neuman, et al., 2007; Todd 
& Neuman, 2007), also increased the risk for high autistic traits among children with ADHD 
(children with obvious or severe autistic disorder had probably been excluded from 
participation; Reiersen & Todorov, 2011). Such results may indeed suggest some etiological 
overlap between broadly defined ASD and ADHD. However, the current findings are also 
somewhat inconsistent with the aforementioned studies because exposure to smoking 
appeared related to increased risk for broadly defined ASD and was not directly related to 
ADHD. These inconsistencies may be explained by important differences between the 
samples under study, such as selection of the sample (ASD versus ADHD in our versus their 
study) and large age differences (with our study focusing on infants and toddlers in whom the 
different types of ADHD symptoms may still not have become evident and may be harder to 
distinguish from mild ASD features (Swinkels, et al., 2006), and their study focusing on 
children and adolescents). Nevertheless, in our and previous studies the exposure to and 
vulnerability towards SDP appears higher in children with ADHD and ASD traits, suggesting 
SDP to be an important shared risk factor for both disorders. Testing the hypothesis that 
ADHD and broadly defined ASD may be related to similar etiological underpinnings, in this 
case via SDP, requires further investigation with full diagnostic data on both ASD and ADHD 
in genetically informative research designs.  
Despite the differences in relation to SDP between PDD-NOS and AD children, the 
similarities in pre- and perinatal risks were much more obvious. Overall, mothers of children 
with PDD-NOS and AD alike reported more pregnancy related risks than those of control 
children: higher frequency of prenatal maternal infection is consistent with earlier findings 
(Atladottir, et al., 2010), possibly related to immune dysfunction impacting on 
neurodevelopment (Onore, Careaga, & Ashwood, 2011); higher frequency of suboptimal child 
condition at birth also confirms previous findings (Burd, et al., 1999; Glasson, et al., 2004; 
Hultman, et al., 2002; Larsson, et al., 2005), and is possibly related to hypoxia which has also 
been found in other neuropsychiatric disorders (Kolevzon, et al., 2007); higher frequency of 
being firstborn is consistent with earlier reports (Bilder, Pinborough-Zimmerman, Miller, & 
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McMahon, 2009; Bolton, et al., 1997; Gillberg & Gillberg, 1983; Glasson, et al., 2004; Turner, 
Pihur, & Chakravarti, 2011); and finally a higher frequency of maternal stress during 
pregnancy has also been reported by Ronald, Pennell, & Whitehouse, 2010. Prenatal maternal 
stress has been related to diverse psychopathological conditions in the offspring (Huizink, 
Mulder, & Buitelaar, 2004), which is in line with the associations between maternal stress and 
externalizing problems in our ASD sample. Increased maternal stress may be caused by the 
higher frequency of prenatal complications in the ASD sample and also by increased parental 
psychopathology which is likely to be more prevalent in ASD families (Yirmiya & Shaked, 
2005). In any case, our and previous results suggest that except for smoking during pregnancy, 
pre- and perinatal risk factors are similarly associated with narrowly versus broadly defined 
ASD, which supports continuously distributed risk factors across the whole range of ASDs. 
However, one clear difference was found in the role of smoking during pregnancy in the 
broadly versus mild ASD phenotypes, possibly pointing to differences in the etiological 
mechanisms underlying ASD subtypes that may also be related to their differences as regards 
co-morbid problems or cognitive impairment.   
The findings in the current study have to be interpreted in the context of our research 
design and accompanying limitations. First, the validity of specific ASD diagnoses under 3 
years of age is undermined by the repeatedly reported low inter-rater reliability in 
distinguishing between ASDs at that age (Klin, Lang, Cicchetti, & Volkmar, 2000; Rondeau, et 
al., 2011; van Daalen, et al., 2009). However, in our study only less than 10% of the diagnoses 
were assigned before 2 years of age, an age from which a more reliable diagnosis is possible 
(Chawarska, Klin, Paul, & Volkmar, 2007). Besides, more than 70% of the diagnoses were re-
evaluated after several years and all diagnoses were the result of an extensive structured 
assessment including standardized interviews and observations. Another concern is our 
reliance on retrospective parent report for pre- and perinatal problems. However, in previous 
studies parent report about gestational age, hypertension, mode of delivery, birth weight and 
maternal smoking during pregnancy shows good agreement with medical records, whereas 
this is not the case for parent report of alcohol use, length of labor and Apgar scores (Buka, 
Goldstein, Spartos, & Tsuang, 2004; Troude, et al., 2008; Walton, et al., 2000). The reliability 
of maternal recall of smoking several years postpartum has further been shown to be good 
(Heath, et al., 2003; Jacobson, Chiodo, Sokol, & Jacobson, 2002). As for maternal infections in 
pregnancy, research suggests that there is a tendency towards underreport after birth, but 
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also that medical records generally only report the more severe infections whereas mild 
infections might also lead to complications (Collier, Rasmussen, Feldkamp, & Honein, 2009). 
Nevertheless, recall bias in mothers of referred children who had concerns about their child’s 
development may have been of influence on reporting higher levels of pregnancy related 
complications retrospectively than mothers of control children, although it is unlikely that 
recall bias can explain the differences we found in exposure to smoking during pregnancy 
between PDD-NOS and AD. Unfortunately, Apgar scores and information on special care post- 
partum were not included in the analyses because of underreport, whereas these items are 
important indicators of perinatal risk (Gardener, Spiegelman, & Buka, 2011). However, 5 other 
indicators of postnatal condition were included that are a constituent part of the Apgar score 
and are also related to special care. It should further be noted that the aggregated factors 
Maternal Disease, Labor/parturition and Suboptimal Condition Postpartum are composed of 
a set of heterogeneous risks as regards underlying pathology (e.g. hypoxia is a potential cause 
of brain injury, while hypotonia and abnormal movements may be indicators that pre- or 
perinatal brain injury has already occurred). Many risk factors did not distinguish cases with 
ASD from controls, and earlier findings in ASD of increased occurrence of older parental age, 
bleeding during pregnancy and various maternal diseases were not observed. This may be 
explained by the moderate size of our sample in combination with the relative low occurrence 
of several of these risk factors. Another potential limitation is that measuring autism and 
related features in the control group would have allowed the exploration of subclinical child 
characteristics in relation to risk factors. Finally, the associations that we found in our samples 
do probably only exist against a certain genetic background, which certainly warrants further 
investigation using genetically informative designs.  
 
Conclusions  
Several pre- and perinatal risks tend to be associated with increased risk for ASD in 
general. One risk factor, i.e. smoking during pregnancy, may exert a role during the early 
development of the broadly defined ASD phenotype and an insignificant role in the narrowly 
defined ASD phenotype. This may point to potential prenatal etiological distinctions between 
the narrowly versus broadly defined ASD phenotype, that seem primarily related to 
associated psychopathology. Such partial differences between AD and PDD-NOS may also be 
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one explanation for recent findings suggesting that application of the DSM-5 diagnostic rules 
results in fewer children with milder (but still substantial) symptoms or with PDD-NOS being 
diagnosed with ASD compared to those on the DSM-IV (Gibbs, Aldridge, Chandler, 
Witzlsperger, & Smith, 2012; Matson, Hattier, & Williams, 2012; Matson, Kozlowski, Hattier, 
Horovitz, & Sipes, 2012).  
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CHAPTER 6 
Variation in the early trajectories of autism symptoms is 
related to development of language, cognition and 
behavior problems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Visser, J. C., Rommelse, N.N.J., Lappenschaar, M., Oosterling, I.J., Greven, C.U., Buitelaar.  
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Abstract 
Background: The high heterogeneity of autism spectrum disorders (ASD) along multiple 
domains complicates research and clinical work. Objective: To model more homogeneous 
subgroups within ASD based on early trajectories of core symptoms, and further characterize 
these subgroups in terms of trajectories of language, cognition, co-occurring (ADHD-related) 
traits and clinical outcome diagnosis. Methods: Children (N=203) referred for possible ASD at 
age 1-4 years were assessed at three time points at intervals ranging from 9 months to 3 
years. Assessments included standardized measures for ASD (ADOS), language (ADOS-
language item), non-verbal IQ (NV-IQ; different tests adequate to chronological-/mental age) 
and parent-reported behavioral problems (ITSEA, CBCL). Results: Latent-class growth curve 
analysis with ADOS-total scores led to identify three main stable and two small improving 
groups: (1) a severe-stable group (19.5% of sample) –the only without large language 
improvement– showed persistent low NV-IQ and marked increase of attention-problems over 
time; (2) a moderate-stable group (21.7%) with below-average increasing NV-IQ; and (3) a 
mild-stable group (48%) with stable-average NV-IQ and highest scores on ADHD-related traits, 
whose ASD outcome diagnoses increased despite stable low ASD scores. Two groups (each 
5.4%) improved: (4) one moved from severe to moderate ASD scores, and (5) the other from 
moderate to mild-/non-spectrum scores. Both these groups improved on language, NV-IQ and 
ADHD-related traits. Conclusions: Results support the high stability of ASD symptoms into 
various severity levels, but also highlight the significant contribution of non-ASD domains in 
defining and explaining the different ASD trajectories.  
 
 
Introduction  
Autism spectrum disorders (ASD) represent a heterogeneous group of 
neurodevelopmental disorders that emerge early in life and involve deficits in social-
communicative behaviors, restricted or repetitive behaviors and interests, and atypical 
sensory processing (DSM-5; American Psychiatric Association, 2013). The heterogeneity of 
ASD is expressed in inter-individual variation in time of onset (Hansen et al., 2008; Landa, 
Holman, & Garrett-Mayer, 2007; Macari et al., 2012), severity of core symptoms and 
impairment (Constantino & Charman, 2016), but also cognitive and language development 
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(Harris & Handleman, 2000) and co-occurring behavioral and emotional problems or 
disorders  (Joshi et al., 2010; Simonoff et al., 2008). Additionally, intra-individual changes in 
ASD manifestation occur with age due to maturation, interactions between core symptoms 
and other domains like cognition and language, interactions with the environment and 
adaptations to the changing demands across contexts (Gliga, Jones, Bedford, Charman, & 
Johnson, 2014). As ASD develop over time into increasingly complex sets of behaviors which 
are difficult to disentangle and complicate interventions, prospective research starting in 
early childhood is highly relevant. Stratifying ASD into different types of developmental 
trajectories may facilitate a reliable prognosis and improve intervention planning.   
The early developmental course of ASD has been examined in numerous longitudinal 
studies (see reviews by (Jones, Gliga, Bedford, Charman, & Johnson, 2014; Rondeau et al., 
2011; Woolfenden, Sarkozy, Ridley, & Williams, 2012; Yirmiya & Charman, 2010) using a 
diagnostic or dimensional approach. Overall, stability of ASD diagnoses (based on DSM-IV(TR) 
classifications; APA 1994; 2000) from about 1.5 years until preschool- or school age, ranges 
from 63% to 100% for Autistic Disorder (AD) to less than 50% for the milder or more atypical 
Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS) (see Supplementary 
Table S1 available online). In children diagnosed under 3 years of age diagnostic stability 
appears to be lower (53-100% for AD and 22-100% for PDD-NOS), with comparable 
percentages moving to a less severe ASD category or loss of ASD diagnosis (0-60%) as 
percentages moving to a more severe ASD (0-53%) (Woolfenden et al. 2012). Others have 
reported higher diagnostic stability in younger children (93% and 82% in 18 and 24 months 
old children, respectively) (Ozonoff et al., 2015), possibly due to more severe symptoms in 
very young children as the threshold for diagnosing ASD is generally higher in this age group. 
However, many children who no longer receive an ASD diagnosis continue to exhibit atypical 
social-communication features (Ozonoff et al., 2015), and substantial problems in language 
and cognition (Kim, Macari, Koller, & Chawarska, 2015; Turner & Stone, 2007). One 
explanation for the large variations in diagnostic stability across studies is the low reliability 
of categorical diagnostic ASD subtypes even across sites with same standardized diagnostic 
procedures (Lord et al., 2011). Change of diagnosis over time may also reflect true phenotypic 
changes during development (Chawarska, Klin, Paul, Macari, & Volkmar, 2009; Ozonoff et al., 
2015).  
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A dimensional or quantitative approach, which conceptualizes ASD as the severe 
symptomatic end of continuously distributed traits in the population (Constantino, 2011; 
Volkmar & McPartland, 2015), may facilitate the study of the heterogeneous manifestation 
and course of ASD. It allows to map quantitative variations across ASD domains along a broad 
range of severity – from disorders to subclinical traits – and to compare these variations to 
variations in other developmental domains (Constantino, 2011). Quantitative longitudinal 
studies confirm the high persistence (~80%) of ASD severity in clinical and high-risk (HR) 
samples from toddler through preschool age (Supplementary Table S2), and reveal the 
existence of persistent/stable and changing developmental trajectories. Furthermore, 
trajectories differ along several lines: First, between ASD-domains, i.e. more marked 
development in social-communication than in restrictive-repetitive-behavior (Fountain, 
Winter, & Bearman, 2012; Lord, Bishop, & Anderson, 2015); second, between ASD-domains 
and other neurodevelopmental areas, i.e. relatively more improvement on language and 
cognition than on ASD symptoms (Flanagan et al., 2015; Venker, Ray-Subramanian, Bolt, & 
Weismer, 2014); and third, between trajectories of ASD severity and adaptive 
functioning/impairment, i.e. more variation in adaptive functioning than in ASD (Szatmari et 
al., 2015). Therefore, examination of the relations over time between different 
neurodevelopmental characteristics within and outside the core ASD domains is crucial to 
better understand and predict the heterogeneity of ASD (Constantino & Charman, 2016).      
However, early ASD trajectories have mainly been characterized in terms of core 
symptoms and closely related domains of language, cognition and adaptive behavior. Co-
occurring behavioral and emotional problems or disorders have scantly received attention. 
Of particular interest are symptoms of Attention Deficit Hyperactivity Disorder (ADHD) which 
are common in ASD and show overlapping precursors and risk factors (Elberling et al., 2014; 
Rommelse, Franke, Geurts, Hartman, & Buitelaar, 2010; Taurines et al., 2012). Research 
indicates that between 17% and 50% of children with ASD under 7 years of age show 
moderate to severe/clinical range ADHD traits or symptoms. ADHD traits/symptoms in these 
children with ASD are associated with older age and greater ASD severity (for review see 
Visser et al., 2016) and may contribute to further impairment (Matson et al., 2011; Rao & 
Landa, 2014; Sikora, Vora, Coury, & Rosenberg, 2012). On the other hand, longitudinal studies 
in young children with ASD have found that broadly defined externalizing problems (including 
ADHD traits) are not associated with severity and stability of ASD (Gray et al., 2012; Szatmari 
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et al., 2015; Vaillancourt et al., 2016) (Table S2). However, as externalizing problems and ASD 
are highly heterogeneous, differential associations of ASD trajectories with specific behavior 
problems, notably those related to ADHD, may have been obscured and need further 
investigation.  
 The purpose of this study was to identify ASD subgroups based on individual variation 
in trajectories of ASD symptoms over time, and test the hypothesis that information about 
cognitive and language development and co-occurring ADHD-related traits contributes to the 
stratification of ASD into valid developmental subtypes. For ADHD-related traits, we also 
included problem domains that are strongly related to ADHD, i.e. disruptive behavior 
problems, and problems in emotional regulation and adaptation (Healey, Marks, & Halperin, 
2011). 
 
Methods 
Participants and procedures 
The original sample included 252 children (82.1 % boys) referred for possible ASD and 
consecutively enrolled in the DIANE study (Diagnosis and Intervention of Autism in the 
Netherlands) (for details see Oosterling et al., 2010a) between October 2003 and April 2007. 
This study enrolled children between 1 and 4 years of age with a positive ESAT score (Early 
Screening of Autistic Traits Questionnaire) (Swinkels et al., 2006) and/or for whom there were 
major concerns regarding social and communicative development. All children underwent 
comprehensive multidisciplinary assessments conducted by licensed clinicians (for diagnostic 
protocol at baseline see Oosterling et al., 2010b). Families were contacted to undergo 2 
follow-up assessments at intervals varying between 1 year and 3 years (Table 1). A clinical 
best estimate (CBE) diagnosis according to DSM-IV-criteria was assigned at baseline and at 
Time 3 based on all available information by at least one child psychiatrist and one 
psychologist. For the purpose of this study, the latest CBE (Time 3, or Time 1 for those without 
Time 3 assessment) within ASD and ADHD was used as outcome diagnosis. 
From the original sample n=49 children (19.4%) were excluded who did not participate 
in at least one follow-up assessment, resulting in a study sample of N=203. Those who did not 
participate, and those who participated in at least one follow-up, did not differ significantly 
on the following variables assessed at baseline: age, gender, ASD severity, language, IQ, 
behavioral problems and parental education. Access and intensity of interventions which 
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were evaluated in a subsample (n=65) used in a previous intervention study (Oosterling et al, 
2010b) revealed no differences between trajectory groups.. The study was approved by the 
Medical Ethical Committee of the Radboud University Medical Centre Nijmegen, the 
Netherlands. 
 
 
Table 1. Age and intervals between assessments 
Assessment    
 
Mean (SD)     
Age (years) Intervals (years) 
 
Range (Mean) Min Max 
T 1 2.68  (.53) 1.05 3.80   
0.8 – 2.3 (1.4)   
 
0.7 – 3 (1.5) 
T 2 4.07  (.58) 2.64 5.56 
T 3 5.62  (.85) 3.56 7.79 
 
 
Measures  
ASD symptoms were measured at baseline and at follow up with the Autism Diagnostic 
Observation Schedule (ADOS; Lord et al., 2001). The ADOS Revised algorithms (K. Gotham, 
Risi, Pickles, & Lord, 2007) were applied, comprising a Social Affect factor (ADOS-SA; 10 items) 
for social and communication behaviors, and a Restrictive Repetitive Behavior factor (ADOS-
RRB; 4 items) for restrictive repetitive/stereotyped behaviors. The Revised algorithms 
facilitate comparison of the three different modules across and within individuals at different 
chronological age/language level by including the same number and content of items across 
modules (K. Gotham et al., 2007). The revised algorithms produce a total severity score on 
the ADOS (SA plus RRB) on a 28-point scale. For summary data on ADOS module change in 
each group across the three time points see Table S3. 
Language scores at baseline and follow were extracted from the ADOS item A1 (level 
of non-echoed language) which is separate from the items assessing ASD symptoms To create 
unity in scores for modules 1, 2 and 3, we recoded item scores from each module into an 8-
point rating scale of current language level ranging from score 7 (no words or word 
approximations) to score 0 (fluent phrase speech) (the specific coding details can be found in 
Supplement, Box 1).  
Cognitive ability was measured at baseline and follow up using different tests across 
individuals and time depending on chronological- and mental age (test details can be found 
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in Supplement, Box 2). We used the non-verbal IQ (NV-IQ) to allow comparison of cognitive 
ability between children of widely diverging developmental levels over time. 
ADHD-related traits were evaluated at baseline and follow-ups, with the Child 
Behavior Checklist-1½-5) (CBCL) (Achenbach & Rescorla, 2000) completed by parents based 
on their daily observations of the child in the previous two months. For the purpose of this 
study we used three syndrome scales: Attention problems (AP), Emotional Reactive (ER) and 
Aggressive Behavior. In addition, ASD- and ADHD-related problems and competencies were 
assessed at baseline with the Infant-Toddler Social and Emotional Assessment (ITSEA; Briggs-
Gowan & Carter, 1998; Carter & Briggs-Gowan, 1993; 2000) completed by parents. For this 
study we used ASD-related items: Imitation-Play, Empathy, Prosocial Peer Interaction and 
Mastery Motivation, and ADHD-related items: Activity-Impulsivity, Attention, Aggression-
Defiance and Peer Aggression. Raw scores of the Dutch version of the ITSEA (Visser, 
Smeekens, Riksen-Walraven, & Van Bakel, 2000) were used due to absence of normative data 
for a Dutch population.  
 
Analyses 
To identify subgroups with similar trajectories of ASD symptoms across assessments 
we used semiparametric group-based methods. Models were estimated in M-plus (Muthén 
and Muthén, 1998-2012) by latent class growth analysis with inter-individual variations in 
time of assessment. This approach (Berlin, Parra, & Williams, 2014) combines growth curve 
analysis, mixture modelling, and individually-varying covariates in one model. Latent growth 
classes were based on the total-ADOS scores across at least two assessments. Ages and 
intervals were modelled in the analysis by using the TSCORE approach in M-plus (Muthen & 
Muthen 1998-2012). To compare subgroups on demographic variables and baseline 
characteristics (i.e. ASD domains, language, non-verbal IQ, ADHD-related traits and 
competencies) we used chi-square test or univariate between-groups ANCOVAs with age as 
covariate, and Bonferroni correction for multiple comparisons. To estimate group differences 
in rates of longitudinal change in ADOS-domains, language, NV-IQ, and ADHD-related traits 
we used mixed-effects linear models with repeated measures. These models allow using all 
available data of subjects with randomly missing data and take account of unequal intervals 
between assessments. All models included fixed effects for group, linear effect of age, and 
interaction between group and age. The model also included a random effect for individual 
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intercepts and slopes, taking account of the correlated data within individuals. The overall 
group comparison was followed by post-hoc pairwise comparisons of trajectory groups. 
Correction for multiple comparisons was applied on the overall analyses using the False 
Discovery Rate (FDR) with a FDR adjusted p-value setting of .05 (Benjamini and Hochberg, 
1995). Finally, to examine the relationship between the trajectories of ADOS and NV-IQ, we 
examined the correlations between change in ADOS and change in NVIQ in the whole sample 
and in the different subgroups. 
 
Results 
Latent-class growth analysis of ASD symptoms  
Based on the final model decision criteria (Supplementary Table S4; estimated 
parameters in Table S5), a five-class model provided the best fit to the data based on the 
qualitative differences between trajectories and the percentage of participants in the smallest 
class (minimally 5%). Although the BIC and entropy score initially favored the three class 
solution, entropy peaked again for the 5 class solution, and the distinction between the 3 
stable and 2 declining classes did only arise from 5 classes and on. The five ADOS-trajectory 
groups depicted in Figure 1 consisted of three stable/persistent and two small improving 
groups. Among the stable groups, one (19.5%) had severe persistent ASD symptoms [Severe-
stable], another (21.7%) moderate severity stable symptoms [Moderate-stable], and the 
largest group (48%) mild severity stable symptoms or non-spectrum scores [Mild-stable]. Two 
small groups improved: one (5.4%) changed from severe to moderate ASD symptoms [Severe-
improving] and the other (5.4%) from moderate to low severity or non-spectrum scores 
[Moderate-improving]. Most improvement in these groups occurred between the first and 
second assessment, i.e. between about 2.6 and 4.1 years of age in Severe-improving and 
between about 1.9 and 3.3 years in Moderate-improving.  
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Fig.1. Five trajectory groups based on ADOS total score, corrected  
for varying ages and intervals between assessments 
 
 
 
 
Group characteristics  
Demographic variables. As shown in Table 2, groups differed in age at each 
assessment, but not in gender and parental education. Children in Severe-stable were more 
likely to be from non-Western origin.  
Results on Non-verbal-IQ, ADOS-language and ADHD-related traits by group are 
summarized in Table 2. Trajectories of these variables by group are depicted in Figure 2a and 
Figure 2b. and baseline scores on the ITSEA in supplementary Figure S1. Details on the linear 
mixed-effects analyses and pairwise post-hoc comparisons of trajectory groups can be found 
in supplementary Tables S6 and S7, respectively.  
The Severe-stable group had a stable low NV-IQ (M=46, SD=19) and was the only group 
without large language improvement. This group had low scores on ADHD-related traits 
relative to other groups, but Attention problems (AP) markedly increased over time (see Table 
S8 for percentages children scoring at- or above the 65th percentile cut-off on CBCL, i.e. at the  
borderline or clinical range). All children from Severe-stable received an ASD CBE-diagnosis at 
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Figure 2a. ADOS-SA, ADOS-RRB, ADOS-language, NV-IQ by age in the 5 groups 
 
 
Key: Groups: 1=Moderate-stable, 2=Severe-improving, 3-Moderate-Improving, 4-Severe-stable, 5=Mild-stable 
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Figure 2b. CBCL ADHD-related traits (Z-scores) by age for the 5 groups 
 
 
 
Key: Groups: 1=Moderate-stable, 2=Severe-improving, 3-Moderate-Improving, 4-Severe-stable, 5=Mild-stable 
 
 
 
baseline and retained this diagnosis without co-morbid condition (except for 1 child who 
received a co-morbid ADHD CBE-diagnosis at outcome). Details on stability of CBE-diagnoses 
are displayed in Table S9.  
The Moderate-stable group had a below-average NV-IQ that slightly increased over 
time (M=72, SD=18 to M=83, SD=23), and – relative to Severe-stable – high scores on ADHD-
related traits, among which Emotional-reactivity (ER) and Aggressive-behavior (AB) increased. 
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Most children in Moderate-stable had ASD at baseline (87.6%) and at follow-up (95.3%), with 
3 (~7%) ending up with co-morbid ADHD.  
The Mild-stable group remained on average NV-IQ (M=95, SD=20), and relatively high 
scores on ADHD related traits (but decreasing scores on ER and AB) compared to Severe-
stable – except for nearly equal AP at outcome – and scored relatively high on social- and play 
competencies. Despite their stable low scores on ASD symptoms, the percentage of children 
receiving ASD CBE-diagnoses increased from 35.4% to 57.6% at outcome; meanwhile, ADHD 
CBE-diagnoses increased from 9.1% to 29.4%.  
Among improving trajectories, the Severe-improving group made the largest gains in 
NV-IQ over time (from M=61, SD=13 to M=84, SD=22), and kept low scores on ADHD-related 
traits over time. All children from Severe-improving retained an ASD CBE-diagnosis at 
outcome, although several changed to a less severe ASD-category. The Moderate-improving 
group (the youngest group), had low-average increasing NV-IQ (from M=83, SD=15 to M=97, 
SD=16) and intermediate slightly declining scores on ADHD-related traits; several children 
from Moderate-improving no longer received an ASD CBE-diagnosis at outcome.   
Finally, to examine the correlations between changes in ADOS and change in NVIQ in 
the whole sample and in the different subgroups complementary analyses revealed that 
ADOS-change and NVIQ change between Time 1 and Time 2, and also between Time 1 and 
Time 3 were only significantly correlated in the whole sample (r=-.208, p=.010 and r=-237, 
p=.003 respectively). 
 
Discussion  
This study aimed to 1) identify developmental subtypes of ASD based on trajectories 
of core symptoms in children referred for possible ASD who were followed between the mean 
age of 2.7 and 5.6 years, and 2) test whether associated cognitive and language characteristics 
and co-occurring ADHD-related traits contribute to the differentiation of meaningful 
developmental subtypes within ASD. Five distinct trajectory-groups of ASD symptoms were 
identified: a severe-stable group (19.5% of sample) – the only without large language 
improvement – showed persistent low NV-IQ and marked increase of attention-problems 
over time; a moderate-stable group (21.7%) with below-average slightly increasing NV-IQ; 
and a mild-stable group (48%) with stable low ASD scores, stable-average NV-IQ and highest 
scores on ADHD-related traits. Two groups (each 5.4%) improved: one moved from severe to 
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moderate ASD scores, the other from moderate to mild-/non-spectrum scores; both groups 
improved on language, NV-IQ and ADHD-related traits. At outcome, clinical best estimate 
(CBE) diagnoses mostly corresponded with the subgroup characteristics in terms of autism 
symptoms, language, NV-IQ and ADHD-traits, except in the large higher functioning group 
with stable low ASD scores where ASD CBE-diagnoses increased with 20% despite stable low 
ASD scores, and where nearly 30% received ADHD (co-morbid) CBE-diagnoses at outcome. 
These results support the high stability of ASD symptoms into various severity levels, but also 
highlight the crucial contribution of Language, NV-IQ and ADHD-related traits in defining and 
explaining the stable and changing trajectories of ASD.  
The least developmental change was seen in the group which scored persistently high 
on ASD symptoms (Severe-stable) and persistently low on language and NV-IQ, a well-known 
pattern in low functioning children with severe ASD (Katherine Gotham, Pickles, & Lord, 2012; 
Kim et al., 2015; Venker et al., 2014; Woolfenden et al., 2012). Unexpected were the low, but 
later increasing scores on ADHD-related traits in this group relative to other groups. Generally, 
higher rates of ADHD-traits have been found in young children with more severe ASD and 
lower IQ, and these ADHD-traits also tend to increase with age (Visser, Rommelse, Greven, & 
Buitelaar, 2016). In the severe-stable group, increase in ADHD-related traits was mainly 
accounted for by increased attention problems, suggesting that attention problems are 
specifically associated with/inherent to ASD, consistent with findings on the links between 
ASD and (attentional components of) ADHD at the phenotypic and etiological level (Hartman, 
Geurts, Franke, Buitelaar, & Rommelse, 2016; Visser et al., 2016).  
In the moderate-stable group (over 20% of sample) NV-IQ steadily increased, in 
contrast to the two other stable groups. Largest gains in NV-IQ in toddlers scoring around the 
borderline NV-IQ range has previously been reported (Bishop, Farmer, & Thurm, 2015; 
Flanagan et al., 2015). This group scored relatively high on ADHD-related traits, quite similar 
to the low symptomatic stable group (Mild-stable), but foremost on Emotional Reactivity and 
Aggressive Behavior, possibly suggesting the prominence of poor emotional self-regulation 
and aggressive/disruptive behavior linked to ADHD. Alternatively, these ADHD-related traits 
may point to relatively severe but age-related emotion regulation problems directly 
stemming from ASD symptoms instead of co-morbid ADHD (Mazefsky et al., 2013). Relative 
to Mild-stable, this moderate-stable group scored higher on ASD and lower on NV-IQ and 
baseline competencies (i.e. Empathy). These patterns corresponded with CBE outcome 
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diagnoses, as the large majority retained an ASD whereas only a few children had (co-morbid) 
ADHD.  
As many as 48% of the sample fell into the group who scored persistently low on ASD 
symptoms (Mild-stable), and who outperformed other groups on language, NV-IQ, and 
competencies like Imitation/Play and Empathy. From baseline however, this group could be 
distinguished by relatively high scores on ADHD-related traits and mild language problems, 
suggesting that for some of these children, non-ASD problems had been confused with ASD. 
Indeed, at baseline over two thirds of Mild-stable met DSM-IV criteria for non-ASD diagnoses 
in the areas of language, regulation (Zero-to-Three, 2005), ADHD, disruptive behavior and 
anxiety. Nevertheless, Mild-stable showed a strong increase in rates of ASD CBE-diagnoses 
over time – despite stable low ASD scores on the ADOS – paired with an increase in rates of 
(co-morbid) ADHD CBE-diagnoses, which is consistent with higher risk for ADHD-traits (and 
other mental health problems) in even low degrees of ASD symptoms (Lundstrom et al., 
2011). One interpretation for the discrepancy between ASD scores and CBE-diagnoses at 
outcome is that in higher functioning children, ASD symptoms may unfold at an older age 
and/or only appear in more challenging circumstances (Brian et al., 2015). Therefore, 
symptoms may better be captured by CBE-procedures based on different information sources 
than ADOS observations that are more limited in time and context (Hus, Gotham, & Lord, 
2014). Another explanation is that CBE-diagnoses, not ADOS-scores, were informed by co-
occurring problems and impairment in functioning, which may have lowered the clinical 
threshold for ASD CBE-diagnoses. Indeed, recent findings show that adjustment for non-ASD 
characteristics improve the discriminative ability of ASD measures (Havdahl et al., 2016). 
Therefore it is possible that among the Mild-stable group some children wrongly received an 
ASD diagnosis at outcome, a possibility that would require a longer follow up. Alternatively, 
it might be speculated that the co-existence of elevated scores on ADHD-traits and relatively 
mild ASD symptoms may represent a distinct phenotype lying between ASD and ADHD, an 
hypothesis that needs to be tested and also requires longer follow-up into at least 
adolescence.    
The two small strongly improving groups were not differentiable at baseline from the 
groups they diverged from, except for the younger age of the moderate-improving group. 
Although baseline NV-IQ of improving groups tended to be higher, which is a potential 
predictor of improvement (Ben-Itzchak, Watson, & Zachor, 2014; Fountain et al., 2012; 
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Venker et al., 2014), this did not reach significance. However, the severe-improving group 
who started with moderate to severe cognitive delays, showed large gains in NV-IQ and a 
trend (not significant) for higher maternal education, similar to the “bloomers” (children who 
rapidly improved from low to high functioning trajectories) in Fountain et al., 2012. Finally, a 
decrease in ADHD-related traits in the improving groups (vs persistence or increase in the 
stable groups) may have contributed to a decrease in ASD symptoms (and vice versa), further 
suggesting that trajectories of co-existing ADHD-related traits in ASD may represent distinct 
phenotypes, requiring specific interventions.  
 
Limitations  
The variation in age and intervals between assessments complicates the 
interpretation of findings. However, we used statistical methods that took these random 
variations into account, allowing us to evaluate mean changes across a broad age range and 
many different time intervals. The use of different developmental tests and confinement to 
non-verbal cognition was a limiting factor, but enabled the investigation of a very broad range 
of cognitive levels in relation to ASD along a broad age range. Information on language based 
on an ADOS-item was restricted, although the pathways of language and ASD symptoms 
mostly diverged, suggesting a certain independence of constructs. One important limitation 
is the relatively large amount of missing data on behavioral problems, necessitating a cautious 
interpretation of the results and limiting their generalizability. In future research, the use of 
more comprehensive measures for ADHD symptoms, in line with those for ASD, is imperative. 
Therefore, findings in the current study need replication in other samples and with extended 
measures for language and ADHD-related problems.  
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Key points and clinical implications 
 Early trajectories of language, non-verbal cognition and ADHD-related traits contribute to 
the differentiation of meaningful developmental subtypes within ASD.  
 About 20 percent of children with moderate to severe ASD symptoms show a very large 
improvement between their 2nd and 7th year.  
 The early trajectories of autism symptoms, language and non-verbal cognition follow 
rather independent pathways. Taken separately, these domains are thus unreliable 
predictors of future development. 
 The absence of intellectual disability may reliably be determined at an early age, whereas 
mild or moderate cognitive disability is likely to improve during the preschool years, 
necessitating repeated cognitive assessments up to school age. 
 Trajectories of ADHD-related traits deserve particular attention in young children with 
ASD or at risk for ASD due to their potential impact on clinical course and intervention 
planning. 
 It remains to be determined in which individuals co-existing ADHD-related 
traits/symptoms are inherent to ASD, refer to co-morbid ADHD, or represent a distinct 
phenotype. 
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Box 1. Information on ADOS-based language at each assessment: 
 
Change in language production was assessed with ADOS item A1 (level of non-echoed 
language). To create unity in scores for modules 1, 2 and 3, we recoded item scores into a 8-
point rating scale ranging from score 7 (no words or word approximations) to score 0 (fluent 
phrase speech). 
 
0 = Uses sentences in a largely correct fashion (must use some complex utterances with > 2 
clauses). 
1 = Some relatively complex speech (occasional utterances of with > 2 clauses), but with 
recurrent grammatical errors. 
2 = Non-echoed speech is mostly utterances of > 3 words.  
3 = Speaks mainly in individual 2-3-words phrases, without or with minimal grammar 
(mostly simple phrases). 
4 = Speaks mainly in individual words, occasionally simple phrases   
5 = Speaks only in individual words (minimum of 5 different words during session) 
6 = Only speaks in echoed speech (< 5 words). 
7 = No words. 
 
 
             
 
Box 2. Information on cognitive tests used at each assessment: 
 
At Time 1, 64.8% of children were tested with the Mullen Scales of Early Learning (MSEL; 
Mullen 1995), 34.5% with the Psycho Educational Profile- Revised (PEP-R; Schopler et al. 
1990) and one child with the Bailey Scales of Early Development. The PEP-R assesses 
children with extremely limited receptive and expressive language who can only be engaged 
indirectly by their reactions to the test materials. An indication of non-verbal IQ (NV-IQ) 
based on the PEP-R was calculated as: (developmental age-/chronological age in 
months)*100. At Time 2, 79.6% of children were tested with the Snijders-Oomen Nonverbal 
(Dutch) intelligence test Revised (SON-R; Tellegen et al. 1998), 19.7% with the PEP-R and one 
child with a Wechsler test. At Time 3, 74.3% of children were tested with the SON-R, 13.7% 
with Wechsler tests (Wechsler 2002), and 12% with the PEP-R. 
 
 
Mullen, E. (1995). Mullen scales of early learning (AGS Edition ed.). Circle Pines, MN: American  Guidance Service; Tellegen, 
P.J., Winkel, M., Wijnberg-Williams, B.J. & Laros, J.A. (1998); Schopler, E., Reichler, R. J., Bashford, A., Lansing, M. D., & 
Marcus, L. M. (1990). The psychoeducational profile revised (PEP-R). Austin: Pro-Ed.; Snijder-Oomen Niet-verbale 
intelligentietest SON-R 2½5-7. Verantwoording en handleiding. Amsterdam: Hogreve uitgevers; Wechsler D. WISC-III. 
Handleiding. Londen: ThePsychological Corporation, 2002. 
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Table S3. Summary data on ADOS module change per subgroup across the  
three time points 
 
ADOS 
Module 
 
Severe-stable 
(group 4) 
Severe-
improving 
(group 2) 
Moderate-
improving 
(group3) 
Moderate-
stable 
(group 1) 
 
Mild-stable 
(group 5) 
 
Time 1 
1 37 8 10 42 91 
2 0 0 0 1 4 
3 0 0 0 0 0 
Time 2 
1 28 4 7 26 17 
2 3 3 3 16 61 
3 0 0 0 0 0 
Time 3 
1 30 1 0 8 5 
2 3 6 8 30 63 
3 0 0 0 4 10 
 
 
 
 
 
Table S4. Classification parameters for latent 5-classes model. 
 
Number of 
classes  
AIC BIC SA-BIC Entropy 
1 3251.631 3278.097 3252.751 - 
2 3218.909 3255.300 3220.450 0.800 
3 3203.543 3249.858 3205.504 0.844 
4 3197.127 3253.368 3199.508 0.807 
5 3187.458 3253.623 3190.259 0.841 
Key: AIC: Akaike Information Criterion; BIC: Bayesian information  
criterion; SA-BIC: Sample adjusted BIC. 
   
 
 
 
 
Table S5. Estimated trajectory parameters of the five class solution. 
 
 
Group 
 
% of cases 
 
Intercept 
 
95% C.I. 
 
Slope 
 
P 
 
Severe-stable  19.5 23.42 21.73 / 25.11 -0.51 0.034 
Severe-improving    5.4 30.49 26.31 / 34.58 -3.89  0.000 
Moderate-stable  21.7 14.75 12.78 / 16.72 -0.51 0.057 
Moderate-improving    5.4 21.79 18.83 / 24.75 -4.06  0.000 
Mild-stable  48.0   3.97 2.76 / 5.18  0.28 0.092 
 
Key: For the intercept a 95% confidence interval (C.I.) is given.  
  For the slope it is determined whether it differs significantly from zero (p-value). 
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Fig. S1. ITSEA (time1) for 5 classes 
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Table S8. Percentage of children in each group scoring > 65 percentile on CBCL scales 
 
 Groups 
CBCL 
Syndrome scale 
 
Severe-stable 
n=38 
Severe-
improving 
n=8 
 
Moderate-stable 
n=48 
Moderate-
improving  
n=10 
 
Mild-stable  
n=99 
CBCL-ER t1  47.2 28.6 58.5 55.6 69.1 
CBCL-ER t2 41.2 28.6 56.4 55.6 70.8 
CBCL-ER t3 44.0 16.7 69.4 33.3 56.8 
      
CBCL-AttP t1 30.6 28.6 50.0 33.3 51.1 
CBCL-AttP t2 41.2 28.6 51.3 56.6 50.0 
CBCL-AttP t3 60.0   0.0 50.0 33.3 56.8 
      
CBCL-AB t1 50.0 14.3 56.5 44.4 57.4 
CBCL-AB t2 55.9 28.6 56.4 55.6 50.0 
CBCL-AB t3 48.0   0.0 66.7 16.7 50.0 
 
Key: CBCL (T-scores): AB= Aggressive Behavior; AttP= attention problems; ER=Emotional Reactive 
 
 
 
 
 
 
 
 
 
Table S9. Stability Clinical Best Estimate diagnosis (CBE) 
Group by time No diagnosis 
(%) 
ASD AD/PDD 
(%) 
Language dis. 
(%) 
ADHD (NOS) 
(%) 
Other 
(%) 
n 
       
4   Time 1       - 38  37/1 (100) - - - 38 
     Time 3       - 33  32/1 (100) - 1c  (3.0) - 33 
       
2   Time 1     - 8  8/0 (100)  - - - 8 
     Time 3       - 7  4/3 (100)  - - - 7 
       
1   Time 1       - 42 27/15 (87.6)  1 (2.1) 2 (4.2) 3 (6.3) 48 
     Time 3       - 41 29/12 (95.3)  1c (2.3) 3c (7.1) 2 (4.6) 42 
       
3   Time 1       - 9  6/3 (90.0) - - 1 (10.0) 10 
     Time 3       2 (25) 5  1/4 (62.5) - 1, 1c (25.0) - 8 
       
5   Time 1       3 (3) 35  8/27 (35.4) 17 (17.2) 9 (9.1) 35 (35.3) 99 
     Time 3       14 (16.5) 49  16/33 (57.6) 2 + 5c (8.2) 14 + 11c (29.4) 6 (7.2) 85 
       
Total  Time 1 
           Time 2 
3 (1.5) 
16 (9.1) 
132  86/46 (65.1) 
135  82/53 (76.7) 
18 (8.9) 
2 + 6c (4.5) 
11 (5.4) 
15 + 16c (17.6) 
35 (19.3) 
11 (4.6) 
203 
176 
       
Key: Groups: 1=Moderate-stable, 2=Severe-improving, 3-Moderate-Improving, 4-Severe-stable, 5=Mild-stable; 
AD=autistic disorder; PDD=other Pervasive Developmental Disorder; Other=oppositional defiant disorder, anxiety/ 
depressive disorder, Reactive attachment disorder (only Time 1), DC:0-3R (only Time 1), i.e. regulation disorders of 
sensory processing; c = co-morbid diagnosis.  
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CHAPTER 7 
General discussion 
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This thesis aims to gain new insights into the early differentiation vs grouping of 
autism spectrum disorders (ASD) among neurodevelopmental disorders (NDD) such as ADHD, 
and differentiation vs grouping within ASD, on the basis of presentation, risk factors and 
developmental trajectories. The thesis addresses three main questions: (1) to which extent 
do ASD overlap with and differ from closely related NDD, specifically ADHD; (2) to which 
extent can ASD be differentiated from other mental disorder groups and from typical 
development at toddler and preschool age, and (3) can ASD be differentiated into more 
homogeneous developmental phenotypes that are scientifically valid and clinically useful?  
In this chapter, I will first summarize the studies presented in the chapters (the main 
findings are summarized in Table 1). Next, I will discuss the findings in light of several 
overarching themes addressed in this thesis – i.e. characterization beyond the core 
symptoms, underlying behaviors and mechanisms, and developmental cascades – and make 
some suggestions for further research. Finally I will go into the clinical implications of the 
findings.  
 
Study samples 
The chapters of this thesis comprise one literature review (chapter 2) and four 
empirical studies (chapters 3-6). The empirical studies are based on three different samples: 
In chapter 3, a large general population sample of 2 year old children (n=3127) is combined 
with a clinical subsample (n=159; mean age 2.7 years) of children with ASD, which is extracted 
from a larger sample of children referred for possible ASD as part of the DIANE study 
(Diagnosis and Intervention of Autism in the Netherlands). Chapter 4 is based on a clinical 
sample (N=85) of 1.5-5 year old children referred for child psychiatric evaluation. Chapters 5 
and 6 are based on clinical samples (n=196 and n=203, respectively) of 1-4 year old children 
referred for possible ASD as part of the DIANE study.       
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Summary of main findings. 
Main finding Chapter 
 
The relatively high co-occurrence of ASD and ADHD symptoms and traits in early childhood 
further increases with age, severity of ASD symptoms and lower IQ. 
 
2 
Attentional problems form an overlapping domain and linking pin between ASD and ADHD, but 
the behavioral, cognitive and sensory components of attentional problems partly diverge 
between the two conditions.  
 
2 
ASD and ADHD share high levels of negative affect as a temperament trait, although the 
prevailing motivational mechanisms diverge: withdrawal in ASD vs approach in ADHD.  
 
2 
In the first two years, ASD and ADHD share difficulties with temperamental effortful control, 
particularly cognitive control and shifting, but partly opposite behavioral tendencies seem to be 
involved: low distractibility, high persistence and low disengagement and shifting in ASD vs high 
distractibility, low persistence and low purposeful shifting of attention in children at risk for 
ADHD.  
 
2 
 
The Problem and Competence scales and the Autism score of the BITSEA (Brief Infant-Toddler 
Social Emotional Assessment Scale) have a good screening accuracy for ASD; the Competence 
score is just as effective as the Autism score to screen for ASD.  
 
3 
 
The combination of parent reported Externalizing, Internalizing, and Competence scores on the 
ITSEA (Infant Toddler Social Emotional Assessment) achieves better diagnostic accuracy of each 
broader mental disorder group than the separate scales. 
 
4 
The ASD group could be distinguished by relatively low scores on the Externalizing and 
Competence scales; Regulation problems do not discriminate between diagnostic groups, i.e., 
ASD, Externalizing, Internalizing, as these problems seem equally prevalent across groups. 
 
4 
 
Severe vs mild/broadly defined ASD subgroups share most pre- and perinatal risks, but exposure 
to smoking during pregnancy seems to be higher only in the mild ASD subgroup and is negatively 
associated with IQ in this subgroup, regardless of confounders. 
 
5 
 
The early trajectories of language, non-verbal IQ and ADHD-related traits contribute to the 
identification of meaningful developmental subtypes within ASD.  
 
In children with moderate to severe ASD symptoms about 20 percent show a very large 
improvement between their 2nd and 7th year. 
6 
 
 
 
6 
 
The early trajectories of autism symptoms, language and non-verbal cognition follow rather 
independent pathways. Taken separately, these domains are thus unreliable predictors of future 
development. 
 
 
6 
The absence of intellectual disability in the context of ASD may reliably be determined at an early 
age, whereas mild or moderate cognitive disability is likely to improve during the preschool 
years, necessitating repeated cognitive assessments up to school age. 
 
6 
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Main findings 
Chapter 2  
In chapter 2, a comparative review is given of the literature on the characteristics and 
developmental antecedents of ASD and ADHD in early childhood. The conclusion is that ASD 
and ADHD show many features in common, but also that differences are present at the level 
of behavioral correlates and underlying mechanisms of these features. This applies to 
attention problems, negative emotionality and effortful control as temperamental traits, and 
to executive functioning.  
1) Attention problems. From toddler age, symptoms or traits of ADHD frequently occur 
in ASD, are associated with severity of ASD and with lower IQ, and increase with age. Among 
ADHD domains, attention problems showed the strongest associations with ASD, suggesting 
that attention problems form an overlapping area between ASD and ADHD. However, based 
on the literature it remains doubtful and at least unclear whether attention problems in ASD 
vs ADHD refer to the same underlying behavioral, cognitive and neural constructs and 
mechanisms. Indeed, there is entanglement of symptom description, whereby seemingly 
similar attentional problems may refer to different behaviors in ASD vs ADHD. For example, 
“does not seem to listen when spoken to’’ may refer to direct inhibition problems and pure 
distractibility, to specific problems with social attention, and/or be due to sensory processing 
peculiarities and preoccupations that hamper the ability to attend to complex social cues. 
These latter two are clearly entangled with ASD. Furthermore, inattention is a multifaceted 
construct that can be operationalized in terms of disturbances in focusing, sustaining and/or 
shifting and disengagement of attention. For example, in adults with ASD traits or ADHD 
problems, attention shifting referred to ‘the ability to easily switch attention’, ‘perform 
simultaneously multiple tasks’ or ‘follow multiple conversations’, which imply the 
coordination of many different skills. Moreover, because attention involves different 
functions with partly differing underlying neural systems and etiology (Keehn, Muller, & 
Townsend, 2013), these functions and their neural substrates should be taken into account 
to determine their shared and/or unique role in NDD s such as ASD and ADHD.  
2) Temperament. In research on NDD, temperamental measures are of particular 
interest since they represent clinically applicable behavioral measures that can be linked to 
neurobiological systems (Karalunas, Huang-Pollock, & Nigg, 2012; Nigg, 2006). Young children 
with ASD and ADHD share high rates of negative affect as temperamental trait. Overall, in 
Test-Visser
Processed on: 26-6-2017 PDF page: 196
196 
 
ASD negative affect mostly referred to distress and fear, whereas it mostly referred to anger 
in the context of ADHD. These differences in negative affect may be conceptualized as 
differences in main underlying motivation or drive, i.e. withdrawal vs approach, in contrast to 
a conceptualization in terms of valence, i.e. positive vs negative. The motivational 
conceptualization facilitates links between age phases and with neurobiological learning 
models (Zuckerman, 2001; cited by Nigg, 2006). In ASD, a motivational explanation of negative 
affect may help explain interactions and cascade effects occurring between perceptual 
sensitivity, approach behaviors, low disengagement and withdrawal behaviors. In ADHD, a 
motivational explanation may help explain interactions and cascade effects between 
impulsive approach to novelty and high excitement and motivation for immediate rewards vs 
frustration thereof, leading to further dysregulation. Young children with ASD and ADHD also 
share low levels of effortful control (EC), but the behavioral correlates partly differ. In children 
with later ASD, low EC is reflected as low distractibility and high persistence; low 
disengagement and shifting of attention has been reported in the first 2 years of age, and 
problems with inhibitory control by the age of 2 years. In children at familial risk for ADHD, 
low EC is reflected as high distractibility and low persistence; low purposefully shifting of 
attention has been reported in the first year, followed by low attentional- and inhibitory 
control from the age of 2 years.  
3) Executive function (EF). Results are based on a few studies in ASD at older preschool 
age (5-7 years) and on more extensive research in ADHD from young preschool age (2.5 
years). In ASD, EF deficits in the domain of shifting seem to be most prominent, appear at an 
earlier age and are rather stable, whereas deficits in other EF areas increase with age. In young 
children with ADHD or at risk for ADHD, the EF deficits most strongly associated with ADHD 
in pre-schoolers are deficits in inhibition, whereas working memory deficits show weaker 
associations with ADHD at this age, and shifting has scantly been tested at this age. In 
addition, affective or motivational processes involved in EF like response inhibition tasks and 
in negative emotionality as temperament trait, seem to play a relatively important role in the 
early pathways to ADHD (E. J. Sonuga-Barke, Sergeant, Nigg, & Willcutt, 2008). The literature 
further suggests that EF deficits are dissociable form the core symptoms and may not be 
causally linked to ASD and/or ADHD, but that EF rather acts as a moderator of outcome 
(Johnson, 2012).  
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There are several reasons why the results on EF as measured in the preschool years 
have to be interpreted with caution. First, measurement of EF during periods of 
developmental transitions hinders the reliable differentiation between EF deficits and 
normative variations in maturation of these functions (Pauli-Pott & Becker, 2015); second, 
the broad range of abilities involved in the completion of complex EF tasks, imply that EF 
impairments observed in ASD and ADHD may partly be attributed to (social) information 
processing difficulties, and to motivational and regulatory processes that are difficult to 
isolate within complex EF tasks. One important conclusion that emerges from the reviewed 
literature is that core symptoms, temperament and executive function do not operate 
separately but interact and evolve with age. We will return to this issue further in the 
discussion. 
 
Chapters 3 and 4  
In chapter 3, the screening accuracy for ASD of the Brief Infant-Toddler Social and 
Emotional Assessment (BITSEA) – a brief 42-item parent-completed questionnaire – was 
evaluated for the Problem scale (31 items), Competence scale (11 items) and for a newly 
calculated Autism score (17 items extracted from the Problem and Competence scales) in a 
general population sample (N=3127; age 2 years) and a clinical subsample (n=159; mean age 
2.7 years) of children with ASD. The results show that the Problem and Competence scales 
and the Autism score have a good screening accuracy with regard to ASD, for the total 
population and for boys and girls separately. The Autism score (17 items) achieved a better 
screening accuracy than the Problem scale (31 items). The screening accuracy of the 
Competence scale was significantly better for girls than for boys, which may be due to faster 
pace of maturation in girls resulting in relatively more false screening results in boys with 
slower development or with delays. What is striking is that the Autism score had no added 
value above the Competence scale, since the Competence scale was just as accurate as the 
Autism score for the screening of ASD. This finding points to the prominence of delays in the 
acquisition of competencies above the presence of core symptoms at very young ages 
(Hagberg, Miniscalco, & Gillberg, 2010; Skovgaard et al., 2008), and calls for the inclusion of 
competence domains in early screening instruments for ASD.   
In chapter 4, the diagnostic accuracy of the Infant Toddler Social Emotional Assessment 
(ITSEA) - a 169 item questionnaire comprising a broad range of problem domains, including 
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dysregulation, and a competence domain - was evaluated in a heterogeneous sample (n=85; 
mean age 3.3 years) of children referred for psychiatric assessment at the level of three 
broader diagnostic groups, i.e. ASD, internalizing and externalizing disorders. Diagnostic 
accuracy was mixed across individual scales, and improved to acceptable level (70.6 % 
correctly classified) by combining the subscales of the Externalizing, Internalizing, and 
Competence scales. The ASD group scored relatively low on the Externalizing and 
Competence scales but did not differ from the other diagnostic groups in terms of 
dysregulation. The externalizing group could be distinguished from the other diagnostic 
groups by the combination of relatively high Externalizing scores (Aggression, Activity-
Impulsivity), high Dysregulation (Sleep, Eating, Sensory Sensitivity and Negative Emotionality) 
and relatively high (meaning better) Competence scores (Prosocial Peer Interaction, Imitation 
Play). These patterns in the externalizing group are consistent with the important role of 
negative emotionality in the early pathways to ADHD and disruptive behaviors (Martel, 
Gremillion, & Roberts, 2012; E. J. Sonuga-Barke & Halperin, 2010), and point to relatively 
higher competence levels in children with externalizing disorders relative to those with ASD. 
The absence of significant between-group differences in regulatory problems is consistent 
with the widespread and non-specific role of early problems in the regulation of emotions, 
behavior, and sensory processes (DeGangi, Breinbauer, Roosevelt, Porges, & Greenspan, 
2000).  
The dimensional construction and broad range of problem and competence domains 
included in the BITSEA and ITSEA may help reduce informant/caregiver bias regarding type 
and severity of pathology. Namely, while parents (and others involved with the child) are 
relatively good informants on their children’s behavior and development, they are less able 
to judge whether behaviors are typical or atypical (Lord, 1995), or to rightly differentiate 
between types of psychopathology. The findings also emphasize the importance of including 
problem and competence domains outside the core symptoms, to get a more differentiated 
first picture of the child that goes beyond diagnostic borders, better reflects his/her individual 
profile and improves assignment to the right clinical and research programs.  
 
Chapter 5   
  In chapter 5, the objective was to examine whether pre- and perinatal risks 
differentiate between ASD and typical development, and between severe/narrowly defined 
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ASD (diagnosis of Autistic Disorder; AD in DSM-IV) and mild/broadly defined ASD (diagnosis 
of Pervasive Developmental Disorder-Not Otherwise Specified; PDD-NOS in DSM-IV) in a 
clinical sample with ASD (n=121; mean age 2.8 years). In addition, associations were analyzed 
between pre- and perinatal risks and core symptom domains, IQ and co-morbid problems. 
Compared with the control group, several pre- and perinatal risks were more frequent in the 
ASD group (more likely to be firstborn, to have a suboptimal condition after birth, more 
maternal infections and more stress during pregnancy). Although the severe vs mild ASD 
subgroups showed mostly overlapping risks, children with mild ASD differed from those with 
severe ASD by higher exposure to smoking during pregnancy (SDP) and by a negative 
association of SDP with IQ, regardless of confounders. Interestingly, despite a negative 
association between SDP and birthweight in both ASD subgroups, lower birthweight was 
associated with lower IQ and with ADHD traits in the mild subgroup only.  
The finding that SDP exert a role during the early development of the mild/broadly 
defined ASD phenotype and an insignificant role in the narrowly defined ASD phenotype, 
suggests etiological differences between ASD phenotypes. Previous studies based on 
genetically sensitive designs suggest that SDP is a proxy for genetic vulnerability and raise the 
possibility that PDD-NOS (mild ASD phenotype) may show some etiological overlap with 
disorders such as ADHD that are also related to genetic factors associated with SDP (Knopik 
et al., 2005; Obel et al., 2016; Thapar et al., 2009). In the study in chapter 5, SDP was only 
indirectly associated with ADHD traits via lower birth weight (LBW). Namely LBW was 
specifically associated with Inattention in the mild ASD group only, suggesting overlap in the 
(genetic) etiology of PDD-NOS and the Inattention domain. These results concur with results 
based on a twin sample where one of the risk alleles that increased the risk for severe ADHD 
in the presence of SDP (Neuman et al., 2007; Todd & Neuman, 2007), also increased the risk 
for high autistic traits among children with ADHD (Reiersen & Todorov, 2011). However, the 
current findings are not fully consistent with this interpretation as SDP, although related to 
mild ASD, was only indirectly related to ADHD traits, which may be partly be explained by 
differences between samples, i.e. younger age of the current sample. Testing the hypothesis 
that ADHD and the mild ASD subtype might be related to similar etiological/genetic factors, 
requires further investigation with full diagnostic data on both ASD and ADHD and cognitive 
domains in genetically informative research designs. 
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Chapter 6  
In chapter 6, the objective was to bring differentiation in the high heterogeneity of 
presentation and course of ASD. The approach was to model more homogeneous subgroups 
based on early developmental trajectories of core symptoms, and to further characterize 
these subgroups in terms of trajectories of language, cognition, co-occurring (ADHD-related) 
traits and clinical best estimate (CBE) outcome diagnosis. Latent-class growth curve analysis 
with ADOS-total scores led to the identification of three main stable groups which 
represented the large majority of the sample, and two small improving groups. In the severe-
stable group (19.5%), hardly any developmental progression was seen. This group was highly 
symptomatic and low functioning and, strikingly, it showed a marked increase of initially low 
attention-problem scores over time. Higher rates of attention problems relative to other 
ADHD domains and relative to disruptive behavior domains in children with severe ASD, are 
consistent with findings suggesting specific links between ASD and attentional components 
of ADHD at the phenotypic and etiological level (Hartman, Geurts, Franke, Buitelaar, & 
Rommelse, 2016; Visser, Rommelse, Greven, & Buitelaar, 2016). In the moderate-stable group 
with intermediate ASD scores (21.7%), the below-average non-verbal IQ steadily increased,. 
In this group, the relatively high scores on ADHD-related traits, pointed to a prominence of 
poor emotional self-regulation and aggressive/ disruptive behavior. These traits might either 
be linked to co-morbid ADHD or instead, to rather severe but age-related emotion regulation 
problems directly stemming from ASD symptoms (Mazefsky et al., 2013). The latter 
interpretation accords with the CBE outcome diagnoses in this moderate-stable group where 
the large majority were diagnosed as ASD at outcome and only few as (co-morbid) ADHD. A 
stable group with low ASD scores that represented almost half of the sample (48%), had a 
stable average NV-IQ and received the highest scores on ADHD-related traits. It was 
remarkable that ASD outcome diagnoses increased in this group, despite stable low ASD 
scores. In higher functioning children, more subtle ASD symptoms may only appear with 
increasing age and in more challenging circumstances (Brian et al., 2015), and better be 
captured by CBE-procedures based on different information sources. Another explanation is 
that CBE-diagnoses – not ADOS-scores – were informed by co-occurring problems and 
impairment in overall functioning, lowering the clinical threshold for ASD CBE-diagnoses. 
Alternatively, it might be speculated that the co-existence of elevated scores on ADHD-traits 
and relatively mild ASD symptoms may represent a distinct phenotype lying between ASD and 
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ADHD, an hypothesis that needs to be tested and requires longer follow-up into at least 
adolescence. Two groups (each 5.4%) improved on core symptoms, language, NV-IQ and 
ADHD-related traits.  
Results support the high stability of ASD symptoms along various severity levels, but 
also highlight the significant contribution of non-ASD domains in defining and explaining ASD 
heterogeneity. This is very relevant because ASD domains, language, cognition and ADHD-
related traits are etiological partly dissociable along a broad range of severity or levels 
(Constantino & Charman, 2016; Thapar et al., 2016), but interact and become increasingly 
intertwined over time, hindering the unraveling of heterogeneity. The stratification of ASD 
into more homogeneous subgroups based on early developmental trajectories of ASD 
symptoms, and characterization of these ASD trajectories by trajectories of non-ASD domains 
and by traits pertaining to related NDD such as ADHD, may help unravel the heterogeneous 
course and outcomes of ASD. The present model incorporates a broad range of dimensional 
measures of core symptoms along with other developmental domains, and account for their 
changes over time. However, the model will benefit from further extension and refinement 
by the use of more detailed measures for cognition, language, behaviors and also 
temperament. Preferably, measures should be used that are clinically relevant and applicable 
and can be linked to neurobiological systems.  
 
Overarching themes  
Beyond the core symptoms 
Most mental disorders (Reiss, 2016; Rutter & Pickles, 2016), and NDD in particular 
(Thapar et al., 2016), show high heterogeneity and high degrees of co-occurrence and overlap 
at the phenotypic and etiological level. Differentiating disorders just based on the core 
symptoms is therefore questionable. This is a still greater challenge in young children because 
of the rapid developmental changes, immature functions and strong interdependence with 
the caregiver environment in early life (Egger & Emde, 2011). For example, poor social-
communicative functions and early emerging ADHD behaviors, may be hard to disentangle 
from the poor regulatory capacities of young children (chapter 4, 6). Therefore, a too 
restrictive focus on the core symptoms pertaining to one condition, e.g. ASD, may bias 
caregiver informants and clinicians towards an expected area of pathology, and obscure 
alternative or co-occurring pathology and areas of competencies. Furthermore, there is 
Test-Visser
Processed on: 26-6-2017 PDF page: 202
202 
 
increased risk for other mental health problems along all degrees of ASD severity,  (Lundstrom 
et al., 2011). These co-occurring problems are very relevant due to their impact on adaptive 
functioning and quality of life (Sikora, Vora, Coury, & Rosenberg, 2012), on the course of ASD 
(Chiang & Gau, 2016) (see also chapter 6), and thus relevant for intervention planning. 
Moreover, beyond the core symptoms and across disorders, the strong influence of a broad 
range of developmental domains, e.g. attention, sensory reactivity and processing, emotion 
regulation, temperament, intelligence and executive function, on the emergence, 
presentation and course of NDD (Constantino & Charman, 2016; Johnson, 2012) further 
challenges the distinctiveness of (the role of) core symptoms (chapter 2, 6) and emphasizes 
that core symptoms have to be understood in the context of other – cross-disorder – 
developmental domains. Just as the core symptom domains, these domains are determined 
by unique and overlapping biological systems and mechanisms, and further increase the 
etiological heterogeneity of NDD (E. J. S. Sonuga-Barke, 2016; Thapar et al., 2016). This may 
be one of the explanations for the differential impact of smoking during pregnancy on IQ –  
not on core symptoms - in children with mild ASD (chapter 5). From another perspective, the 
above neurodevelopmental domains and their biological underpinnings may also be viewed 
as an integral part of the core pathology or, as the very core domains of psychopathology that 
cut across existing diagnostic borders (Casey, Oliveri, & Insel, 2014; Insel et al., 2010). Anyway, 
to better differentiate within the heterogeneity of NDD and mental disorders in general, it is 
crucial to look beyond the core symptoms towards a broad range of developmental domains. 
To this end, measures should be used that can be linked to neurobiological systems and that 
are clinically applicable and relevant (Karalunas et al., 2014).  
 
Underlying behaviors and mechanisms  
In the literature and in the studies described in this thesis, widely diverging procedures 
have been applied to assess core symptoms, and other characteristics like temperament and 
cognition. These measures mostly result in scores on composite factors that may appear 
similar, but often differ across studies and across ages at the more basic behavioral level. Such 
differences impede linkage with specific behavioral and functional components, and linkage 
with biological systems across developmental periods (Klin, Shultz, & Jones, 2014). For 
example, globally defined attention problems do not account for the multifaceted 
composition of attentional function and are likely to refer to different underlying processes 
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in the context of ASD or ADHD (Chapter 2), in the context of severe vs milder forms of ASD 
and across developmental phases (chapter 2 and 6). In addition, failure on cognitive tasks in 
young children with NDD may primarily be attributed to (social) information processing 
difficulties and motivational or regulatory processes instead of cognitive deficits (see review 
chapter 2). Moreover, given the prolonged maturation of cognitive functioning, task 
performance on cognitive tests may tap into different abilities and underlying neural systems 
at different stages of maturation (chapter 2). This casts doubt on whether performance as 
measured with current cognitive tests across the first six years has similar content validity 
relative to school age (Pauli-Pott & Becker, 2015). These underlying processes and age related 
effects may partly explain the cognitive gains over time that have often been observed in 
young children with ASD or at risk for ASD in previous studies and in our study (chapter 6); 
they speak in favour of measures that can be parsed into more elementary components and 
are more directly linked to biological functions, and/or are applicable across ages.  
 
Developmental cascades 
ASD and ADHD, like most mental disorders, develop from interactions among multiple 
genetic and environmental influences on a network of neurobiological systems that begin to 
unfold in prenatal life (Rutter, 2011; E. J. Sonuga-Barke & Halperin, 2010). These interactions 
during development, or developmental cascades, explain why distinct impairments and risks 
in ASD and ADHD show varied developmental trajectories and outcomes (Elsabbagh et al., 
2011; E. J. Sonuga-Barke, 2005; Thapar, Cooper, Eyre, & Langley, 2013) and have poor 
predictive value on their own (chapter 6). As a result of above-mentioned interactions 
including adaptations to the changing demands across contexts, ASD develop over time into 
increasingly heterogeneous and complex phenotypes (Gliga, Jones, Bedford, Charman, & 
Johnson, 2014). To unravel this heterogeneity and complexity, variables pertaining to 
different domains and functions should be interpreted in the context of the developmental 
systems they interact with over time (Elsabbagh et al., 2011). The reviewed literature on 
temperament and cognition in relation to ASD and ADHD (see chapter 2) show that 
sensory/perceptual features, and affective-, effortful- and cognitive control, operate as 
precursors or risk factors for ASD and/or ADHD through interactions with each other and with 
genetic risk (Becker et al., 2010; Clifford et al., 2013). Negative emotionality as 
temperamental trait in preschool children reduces the protective effect of strong 
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neurocognitive functioning (Healey, Marks, & Halperin, 2011), has a negative impact on the 
development of executive function (EF) a few years later, and partly predicts ADHD 
(Rabinovitz, O'Neill, Rajendran, & Halperin, 2016). Over time, the impact of EF on ADHD can 
become reciprocal (Rajendran et al., 2013), which shows that the direction of effects may 
change over time, or that the dominant contribution of one domain or variable might be taken 
over by others in the course of development. The above examples illustrate the complex and 
dynamic character of the interactions over time. The different trajectory-based ASD 
subgroups described in chapter 6 suggest that the course of ASD symptoms can largely be 
predicted and explained by (baseline) ASD symptoms, and that the added contribution of 
stability or change in cognition, language and ADHD traits differs between ASD trajectory 
groups. However, there remains a lot of uncertainties about the timing and direction of 
effects and the relative contribution of the different domain variables to the development 
and outcome of ASD. These processes are highly relevant for a better understanding of the 
behavioral and etiological mechanisms underlying NDD. This knowledge will improve the 
design of well-timed and effective interventions and improve prediction of course.  
 
Suggestions for further research 
Research on NDD needs to integrate the rather disparate fields of ASD and ADHD. In 
ASD, this includes extending assessment of early developmental trajectories into preschool 
age. In ADHD, this includes starting the assessment of developmental trajectories already in 
infancy, which is possible through studying infants at high genetic risk. Moreover, research 
on domains and elementary functions that cut across diagnostic boundaries – e.g., sensory, 
affective, cognitive and regulatory processes – is crucial for understanding NDD. These 
domains and functions will facilitate linkage to biological functions, and can be studied across 
ages. Given the pivotal role of early attentional dysfunction in ASD and ADHD, and preliminary 
findings of short term effects of attentional control training in infants (Wass, Porayska-
Pomsta, & Johnson, 2011), future research should look at the effect of interventions 
beginning in infancy and aiming at improving attentional dysfunctions in high risk populations. 
In the same line, training of executive functioning and improvement of emotional regulation 
beginning at early preschool age are promising interventions with potential preventative 
effects (Halperin et al., 2013; Wass, 2015; Webster-Stratton, Reid, & Beauchaine, 2011).  
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Although findings suggest that differences in early brain growth, brain function and 
brain wide atypicalities are implicated in ASD and in ADHD, the early brain-growth trajectories 
and underlying processes in NDD as a whole and in NDD subgroups are unknown. This calls 
for research on early brain development using non-invasive techniques that can more easily 
be applied in very young children like EEG and (functional) near infrared spectroscopy (Lloyd-
Fox, Blasi, & Elwell, 2010) and magnetic resonance imaging (MRI) (Wolff et al., 2015). 
Importantly, research on early brain development in ASD and ADHD might greatly benefit 
from the inclusion of cross-disorder domains and also genetic measures that can be linked to 
brain function.  
Environmental factors also deserve attention in relation to NDD, due to their potential 
role as risk or protective factors beginning in prenatal life, and as potential targets of 
(preventative) interventions. During the embryonic stage, intrauterine environmental 
influences are likely to modulate risk for developmental disorders (Gardener, Spiegelman, & 
Buka, 2011; Hallmayer et al., 2011). For example, one promising line of research is about 
maternal early prenatal infections increasing the risk for ASD in the offspring (Atladottir et al., 
2010), possibly via changes in immune cell activity in children who later develop ASD 
(Abdallah et al., 2012). For the social environment, the caregiver is a known potential 
(dys)regulator and moderator of risk during early child development (Rothbart et al., 2011; 
Zeanah & Zeanah, 2009), whereby the child’s difficulties or behavior problems can elicit 
compensating or negative parenting behaviors (Kiff, Lengua, & Zalewski, 2011) and increase 
stress in the family. Early transactional processes in ASD and ADHD are promising areas for 
further research, including intervention research. This research area calls for methods that 
are well suited to examine complex bidirectional effects longitudinally (Kiff et al., 2011), that 
control for psychopathology in all interaction partners and use genetically informed designs.  
 
Clinical implications 
A broadening of the focus towards characteristics that go beyond – and cut across – 
the core ASD symptom domains is urgently needed in screening, assessment and 
interventions programs. The results from this thesis suggest that assessment and intervention 
of NDD should broaden their scope to characteristics and functions outside the core 
symptoms: i.e. symptoms primarily pertaining to other disorder groups, cross-diagnostic 
characteristics of sensory processing, cognition, language, emotion and behavior regulation, 
Test-Visser
Processed on: 26-6-2017 PDF page: 206
206 
 
and also information on (prenatal) environmental factors and (social)contextual factors. 
Obviously, this requires a multidisciplinary approach (e.g. speech and language therapy, 
physiotherapy, pediatrics, child neurology and clinical genetics) to assessment and 
intervention (Thapar et al., 2016). Importantly, the integration of information obtained from 
this comprehensive approach is highly relevant to arrive at an individual profile of the child 
with his/her strengths and limitations and particular social context, and forms the basis of 
effective individualized interventions.   
This thesis also shows that clinicians should be aware that symptoms or behaviors are 
not equivalent to mechanisms or etiology, and that similarities at the behavioral level may in 
fact be associated with different processes or refer to different underlying mechanisms. This 
is particularly the case when behaviors, functions or symptoms are compared across ages. For 
a better interpretation of behaviors, functions or symptoms, one should also measure more 
elementary components of complex behaviors that may be applicable across ages, such as in 
domain of attention (e.g., fixation duration, shift rate and saccadic reaction time) and of 
processing speed (e.g., psychomotor- and encoding speed), and make potentially 
confounding but crucial factors such as motivation, regulation and social context, the subject 
of investigation.   
Finally, and logically following the above, interventions and prediction of course 
should be based on the notion that symptoms, behaviors, competencies, but also social-
environmental contexts and underlying neurobehavioral systems operate together and 
interact. This implies a shift in focus away from rather isolated and fixed developmental/ 
diagnostic outcomes to a broad range of interacting and causal processes (Jones et al., 2014; 
E. J. Sonuga-Barke & Halperin, 2010). 
 
Conclusions  
In conclusion, a large variety of interacting factors and processes within and outside 
the core symptom domains are implicated in the developmental course of neuro-
developmental disorders. This calls for a multi-method approach focusing on a large range of 
sensory, behavioral (including temperament), cognitive, and more elementary gaze/sensory 
processing characteristics. These should be measured in various (social) circumstances and 
be followed across different developmental phases. In order to be workable across disorders 
and across ages, measures should further be represented dimensionally, be linked to 
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neurobiological systems as much as possible, and preferably retain clinical application 
(Karalunas et al., 2012). This approach to NDD should also consider the effects on 
development of early risks and protective factors in the social and biological environment 
beginning in prenatal life. Ultimately, the insights obtained from such an integrative approach 
will lead to personalized (preventative) intervention(s) (Johnson, Gliga, Jones, & Charman, 
2015; Jones, Gliga, Bedford, Charman, & Johnson, 2014; E. J. Sonuga-Barke & Halperin, 2010). 
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Dit onderzoek is geïnspireerd door het klinisch werk met jonge kinderen met 
ontwikkelingsproblemen - in het bijzonder autisme spectrum stoornissen (ASS) – en beoogt  
klinische en wetenschappelijke bevindingen te integreren. De veelzijdigheid en complexiteit 
van de klinische realiteit, de notie dat ieder individu een uniek profiel ontwikkelt van sterktes, 
zwaktes en behoeften over de tijd, en dat dit gebeurt via continue interacties met de unieke 
omgeving vanaf de prenatale periode, is niet vanzelfsprekend verenigbaar met de regels 
binnen diagnostische en classificatie systemen waar clinici en wetenschapper aan zijn 
gebonden. Complicerende factoren in het geval van ASS zijn daarnaast de sterke 
heterogeniteit in ernst, beloop en bijkomende problemen, en ook de overlap met andere 
stoornissen. De huidige beschrijvende criteria voor ASS omvatten afwijkingen en beperkingen 
in sociaal-communicatief gedrag, beperkte, repetitieve/stereotiepe gedragingen en 
interesses  en atypische sensorische verwerking (DSM-5; APA 2013). In het DSM-5 
classificatiesysteem voor psychische stoornissen, vallen ASS onder de brede groep van 
neurobiologische ontwikkelingsstoornissen, samen met Aandacht Deficiëntie en 
Hyperactiviteit stoornis (ADHD) en andere ontwikkelingsstoornissen in cognitie, leren,  
taal/communicatie en motoriek. Deze problemen komen zelden geïsoleerd voor en zijn soms 
moeilijk uit elkaar te halen.  
Dit proefschrift beoogt tot nieuwe inzichten te komen in de vroege differentiatie en 
groepering van ASS: differentiatie van andere neurobiologische ontwikkelingsstoornissen 
(NBOS) - in het bijzonder aandacht deficiëntie stoornissen met hyperactiviteit (ADHD) - en 
differentiatie binnen ASS, op basis van presentatie, risicofactoren en ontwikkelingstrajecten. 
Dit gebeurt aan de hand van drie hoofdvragen: (1) hoe is het gesteld met de overlap en 
verschillen tussen ASS en ADHD in de vroege kindertijd; (2) in hoeverre kunnen ASS 
gedifferentieerd worden van andere groepen stoornissen en van de normale ontwikkeling op 
de peuter en kleuter leeftijd; en (3) kunnen op basis van het vroege ontwikkelingsbeloop ASS 
gedifferentieerd worden in meer homogene subgroepen die wetenschappelijk valide zijn en 
klinisch betekenisvol? De belangrijkste bevindingen zijn hieronder samengevat in tabel 1.  
   
 
 
 
 
Test-Visser
Processed on: 26-6-2017 PDF page: 214
214 
 
Tabel 1. Samenvatting van de belangrijkste bevindingen 
Bevinding Hoofdstuk 
 
Trekken of symptomen van ASS en ADHD in de komen vaak samen voor in de vroege 
kindertijd. Deze samenhang neemt verder toe met de leeftijd, ernst van de ASS symptomen 
en met een lager IQ.  
 
2 
Aandachtsproblemen vormen een overlapgebied tussen ASS en ADHD, maar de 
gedragsmatige, cognitieve en sensorische componenten van aandachtsproblemen 
verschillen deels tussen ASS en ADHD.   
 
2 
Bij ASD en ADHD wordt er een hoge mate aan negatief affect gevonden als temperament 
kenmerk, maar de achterliggende motivatie mechanismen verschillen: ‘withdrawal’ 
(terugtrekken) bij ASS versus ‘approach’ (naderen) bij ADHD.  
 
2 
In de eerste twee jaar, vertonen kinderen met ASD en/of ADHD moeilijkheden met ‘effortful 
control’ (zelfregulerende temperament processen), in het bijzonder cognitieve controle en 
(aandacht) switchen. Echter deels tegenovergestelde gedragstendensen lijken hierbij te 
betrokken te zijn: geringe afleidbaarheid, sterk persisteren en slecht kunnen loslaten en 
switchen bij ASS, versus sterke afleidbaarheid, weinig persisteren en weinig doelgericht 
switchen van de aandacht bij kinderen met (risico op) ADHD.  
 
2 
 
De Probleem en Competentie schalen en Autisme score van de BITSEA (Brief Infant-Toddler 
Social Emotional Assessment Scale) vertonen een goede screening accuratesse voor ASS; 
voor de screening van ASS is de Competentie schaal even accuraat als de Autisme score.  
 
3 
 
De combinatie van door ouders gerapporteerde Externaliserende, Internaliserende, en 
Competentie scores van de ITSEA (Infant Toddler Social Emotional Assessment) zijn 
diagnostisch accurater per stoornis groep dan de afzonderlijke schalen. 
 
4 
De ASS groep kon worden onderscheiden door relatief lage scores op de Externaliserende 
en Competentie schalen; Regulatie problemen discrimineren niet tussen groepen 
stoornissen, d.i. tussen ASS, Externaliserende en Internaliserende stoornissen, en komen in 
alle groepen evenveel voor. 
 
 
 
Ernstig- versus mild/breed gedefinieerde ASS subgroepen zijn niet van elkaar te 
onderscheiden wat betreft de meeste pre- en perinatale risicofactoren. Echter, er lijkt een 
sterkere blootstelling aan roken tijdens de zwangerschap te zijn bij de milde ASS subgroep, 
waar dit ook negatief geassocieerd is met IQ, ongeacht andere verklarende variabelen. 
 
5 
 
Het vroege ontwikkelingsbeloop van taal, non-verbale cognitie en ADHD-gerelateerde 
trekken dragen bij aan de differentiatie in klinisch betekenisvolle subtypes binnen ASS.  
 
 
6 
Ongeveer 20 procent van de kinderen met matige tot ernstige symptomen van autisme 
vertoont een zeer sterke verbetering tussen het 2e en 7e levensjaar. 
 
De vroege ontwikkelingstrajecten van autisme symptomen, van taal en van non-verbaal IQ 
verlopen vrij onafhankelijk van elkaar. Op zichzelf zijn deze ontwikkelingsdomeinen daarom 
geen betrouwbare voorspellers van de latere ontwikkeling. 
 
6 
 
 
6 
De afwezigheid van verstandelijke beperking in de context van ASS kan betrouwbaar worden 
vastgesteld op een zeer jonge leeftijd, terwijl milde of matige verstandelijke beperking nog 
kan verbeteren gedurende de voorschoolse leeftijd, hetgeen pleit voor herhaald 
ontwikkeling/intelligentie onderzoek tot na het zesde jaar. 
6 
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Belangrijkste bevindingen 
Hoofdstuk 2 is een vergelijkend literatuuroverzicht over de unieke en gedeelde 
kenmerken en voorlopers van ASS en ADHD in de vroege kindertijd.  De conclusie is dat ASS 
en ADHD op het eerste gezicht veel gemeenschappelijke kenmerken vertonen, maar dat deze 
kenmerken deels verschillen tussen de twee stoornissen op het niveau van gedragingen en 
onderliggende motivatie. Dit werd in kaart gebracht voor attentieproblemen, voor ‘negatieve 
emotionaliteit’ en ‘effortful control’ (zelfregulatie) als temperament kenmerken, en voor 
executief functioneren.  
1) Attentie problemen als overlappend gebied en verbindende schakel tussen ASS en 
ADHD. Vanaf de peuterleeftijd is de associatie/overlap tussen ASS en ADHD het sterkst voor 
attentieproblemen. De gedragingen en processen die aan deze aandachtsproblemen ten 
grondslag liggen kunnen echter verschillen tussen ASS en ADHD. Bijvoorbeeld, “lijkt niet te 
luisteren’’ kan wijzen op inhibitieproblemen of pure afleidbaarheid in het kader van ADHD, of 
op problemen in de sociale aandacht en preoccupaties die de aandacht voor complexe sociale 
prikkels belemmeren in het kader van ASS.  
2) Temperament. Een vroeg temperament kenmerk dat zowel vaak bij ASS als bij ADHD 
gezien wordt is een hoge mate aan Negatieve Affectiviteit, waarbij stress en angst lijken te 
prevaleren bij ASS en boosheid bij ADHD. Deze verschillen kunnen herleid worden naar 
motivationele processen van terugtrekken/vluchten (vallend onder introversie) versus 
toenaderen/aanvallen (extraversie). Verder vertonen jonge kinderen met ASS en kinderen 
met ADHD een lage mate van Zelf Controle, als vroeg temperament kenmerk. Bij ASS lijken 
geringe afleidbaarheid, sterke persistentie en moeite om de aandacht te switchen te 
prevaleren Bij (hoog risico op) ADHD, staan sterke afleidbaarheid, zwakke persistentie en 
moeite met het doelgericht switchen van de aandacht meer op de voorgrond. Bij zowel ASS 
als ADHD lijkt sprake van een zwakke inhibitie controle.   
3) Executief (doelgericht) functioneren (EF). Bij ASS is nauwelijks onderzoek verricht 
naar EF op een leeftijd onder de 4 jaar, maar zijn er wel enkele studies naar EF in de leeftijd 
van ruim 4 tot circa 7 jaar. Bij ADHD is uitvoeriger onderzoek verricht en bestrijkt het 
onderzoek naar vroege EF een bredere leeftijdsrange (circa 2.5 tot 6-7 jaar). Bij ASS, lijken 
beperkingen op het gebied van switchen en schakelen (mentale flexibiliteit) al vroeg op de 
voorgrond te staan terwijl andere EF problemen pas later naar voren komen. ADHD is het 
meest consistent geassocieerd met inhibitie problemen. In de vroege ontwikkeling van ADHD 
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spelen daarnaast affectieve en motivatie processen die betrokken zijn bij EF (negatieve 
emotionaliteit, aversie tegen wachten/uitstel van beloning) een relatief belangrijke rol. EF lijkt 
op zichzelf niet oorzakelijk verbonden aan ASS of ADHD maar heeft wel invloed op het beloop.  
Bij het meten van EF tijdens periodes van snelle verandering of transitie in de (vroege) 
ontwikkeling, kan het zeer moeilijk zijn om te differentiëren tussen normale variaties in de 
rijping van EF en beperkingen in EF. Verder is een brede range aan vaardigheden betrokken 
bij EF taken, waardoor tekorten die gezien worden bij ASS of ADHD mogelijk deels 
toegeschreven kunnen worden aan sociale informatie verwerkingsproblemen, en/of regulatie 
en motivatie problemen die moeilijk te onderscheiden zijn binnen EF taken. Een belangrijke 
conclusie uit het literatuuroverzicht is verder dat kensymptomen, temperament en EF niet 
afzonderlijk opereren maar in wisselwerking met elkaar, en over de tijd evolueren.  
 
Hoofdstukken 3 en 4  
Bij de vroege signalering van ASS is het belangrijk om ASS te kunnen differentiëren van 
andere problemen of stoornissen en van de normale ontwikkeling. In hoofdstuk 3 werd in een 
algemene bevolkingsgroep (leeftijd 2 jaar; n=3127) en een klinische groep met een ASS 
diagnose (n=159; gemiddelde leeftijd 2.7 jaar) de nauwkeurigheid voor het signaleren van ASS 
onderzocht van de Brief Infant-Toddler Social and Emotional Assessment (BITSEA) - een 
oudervragenlijst met 42-items - voor de Probleem schaal, Competentie schaal en voor een 
Autisme score (items uit de Probleem en Competentie schalen).  
De Probleem en Competentie schalen en Autisme score vertoonden een goede 
screeningsnauwkeurigheid voor ASS. De autisme score (17 items) vertoonde een betere 
screeningsnauwkeurigheid dan de probleemschaal (31 items). Opvallend is dat de Autisme 
score geen toegevoegde signaleringswaarde had boven de Competentie schaal. Dit is mogelijk 
te verklaren door het feit dat een achterblijvende ontwikkeling vaak vroeger opvalt dan de 
aanwezigheid van symptomen, en pleit voor het opnemen van competentievragen in vroege 
screening vragenlijsten.  
In hoofdstuk 4, werd onderzocht hoe nauwkeurig de Infant Toddler Social Emotional 
Assessment (ITSEA) - een oudervragenlijst met 169 items die een brede range aan probleem 
domeinen dekt, inclusief regulatieproblemen en competentiedomeinen - ingevuld vóór de 
diagnostische evaluatie, onderscheid kon maken tussen drie diagnostische groepen: ASS, 
internaliserende en externaliserende stoornissen. De diagnostische nauwkeurigheid 
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verschilde per schaal en verbeterde tot en acceptabel niveau (70.6% correct geclassificeerd) 
door combinatie van de externaliserend, internaliserend, en competentie schalen. De ASS 
groep scoorde relatief laag op externaliserend en competentie maar verschilde niet van 
andere diagnostische groepen op de Dysregulatie schaal. De externaliserende groep kon van 
de andere groepen onderscheiden worden door een combinatie van hoge scores op 
externaliserend (subschalen agressie en activiteit-Impulsiviteit) en op dysregulatie (negatief 
affect) en relatief hoge scores (betekent hier beter) op competentie (subschalen prosociale 
interacties met leeftijdsgenoten, imitatie-spel). Een dergelijk profiel bij de externaliserende 
groep is consistent met de belangrijke rol van negatieve emotionaliteit in de vroege 
ontwikkeling van ADHD en disruptieve gedragsproblemen, en wijzen op een relatief hoog 
competentie niveau bij deze groep vergeleken met ASS. De afwezigheid van significante 
verschillen tussen groepen wat betreft dysregulatie is consistent met de wijdverspreide en 
aspecifieke rol van vroege problemen in de regulatie van emoties, gedrag en sensorische 
processen.  
De dimensionele opbouw, brede range aan probleemgebieden en inclusie van 
competentie domeinen in de BITSEA en ITSEA kunnen helpen om de mogelijke bias bij 
informanten te beperken wat betreft type en ernst van de problemen. Daarnaast geeft de 
combinatie van probleem- en competentie domeinen dwars door diagnostische grenzen heen 
beter zicht op het individuele profiel van het kind. Dit is van belang gezien de heterogeniteit 
van ASS en het veelvuldig voorkomen van bijkomende problemen die mede focus van 
interventies worden.    
 
Hoofdstuk 5   
  In hoofdstuk 5, is de vraag in hoeverre er onderscheid is te maken tussen ASS en de 
normale ontwikkeling, en tussen ernstige en milde ASS fenotypen op grond van pre- en 
perinatale risicofactoren. Er werd gekeken of pre- en perinatale risicofactoren konden 
differentiëren tussen (1) kinderen met ASS versus kinderen met een normale ontwikkeling, 
en (2) tussen de ernstige vorm van ASS en de mildere breed gedefinieerde ASS. Verder werd 
gekeken of pre- en perinatal risico factoren verband hielden met de kernsymptomen, met IQ 
en met co-morbide problemen.  
Een aantal pre- en perinatale risicofactoren kwamen meer voor bij ASS: vaker 
eerstgeboren, vaker suboptimale conditie postpartum, vaker maternale infecties en stress 
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gedurende zwangerschap. Hoewel de risico’s grotendeels overlapten tussen beide ASS 
groepen, was er bij kinderen in de milde ASS groep vaker sprake geweest van blootstelling 
aan roken gedurende de zwangerschap (RGZ), en was er een negatieve associatie tussen RGZ 
en IQ, ongeacht de invloed van andere verklarende variabelen zoals opleidingsniveau van de 
moeder.  
De bevinding dat RGZ een rol speelt in de vroege ontwikkeling van het milde ASS 
fenotype, en niet bij het ernstige ASS fenotype, suggereert dat er etiologische verschillen zijn 
tussen deze ASS fenotypes. Eerdere genetische studies suggereren dat RGZ een proxy is voor 
de genetische kwetsbaarheid voor ADHD van de rokende moeder, en doet vermoeden dat 
het milde ASS fenotype etiologisch overlap vertoont met stoornissen als ADHD die ook 
gerelateerd zijn aan genetische factoren geassocieerd met RGZ. Gevonden werd dat RGZ 
alleen indirect geassocieerd was met ADHD kenmerken via laag geboorte gewicht; laag 
geboorte gewicht was namelijk slechts in de milde ASS groep geassocieerd met inattentie, 
hetgeen een overlap suggereert in (genetische) etiologie tussen het milde ASS fenotype en 
het inattentie domein. Dat ADHD en het milde ASS fenotype etiologische/genetische overlap 
vertonen is een hypothese die nog verder onderzocht moet worden met gebruik van 
vollediger diagnostische gegevens van zowel  ASD en ADHD in genetische studies. 
 
Hoofdstuk 6  
In hoofdstuk 6, werd getracht om, gezien het sterk heterogene beloop van ASS, meer 
homogene subgroepen te onderscheiden op basis van de ontwikkelingstrajecten van een 
groep kinderen die verwezen waren wegens vermoeden van ASS (n=203; gemiddelde leeftijd 
bij aanvang=2.8 jaar, bij uitkomst 5.62 jaar). Meer homogene subgroepen werden 
gemodelleerd met behulp van ontwikkelingstrajecten van ASS symptomen, waarna deze 
subgroepen verder gedefinieerd werden in termen van het beloop van taal, non-verbaal IQ 
en ADHD-gerelateerde gedragsproblemen en op basis van klinische diagnose bij uitkomst.  
Drie stabiele subgroepen konden worden geïdentificeerd die samen het overgrote 
deel (80.2%) van het totaal vertegenwoordigden, en twee kleine groepen die sterk 
verbeterden (samen 11.8%). In de ernstig-stabiele subgroep (19.5%) - met ernstige 
symptomen en laag functioneringsniveau - werd nauwelijks enige progressie in ontwikkeling 
waargenomen. Over de tijd, vertoonde deze subgroep wel een duidelijke toename in de 
aanvankelijk laag-prevalente attentie problemen. Deze bevinding past bij de hypothese dat 
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er specifieke verbanden zijn tussen ASS en attentie componenten van ADHD. In de matig-
stabiele subgroep (21.7%), was er een lichte stijging te zien in non-verbaal IQ. De relatief hoge 
scores in ADHD-gerelateerde trekken in de matig-stabiele subgroep wezen vooral op  zwakke 
emotionele zelfregulatie en agressief-disruptief gedrag. Deze kenmerken kunnen wijzen op 
co-morbide ADHD of op versterkte maar leeftijdsgebonden emotie regulatie problemen in 
het kader van ASS. De laatste interpretatie past beter bij de klinische uitkomst diagnoses in 
deze subgroep, aangezien de meerderheid bij uitkomst een ASS diagnose kregen en maar 
weinig een co-morbide ADHD diagnose. Een milde-stabiele grote subgroep tenslotte (48%), 
vertoonde een stabiel gemiddeld non-verbaal IQ en hoge scores op ADHD-gerelateerde 
trekken. Opmerkelijk in deze subgroep was de stijging in klinische ASS diagnose bij uitkomst 
bij gelijkblijvende ASS symptomen op een gestandaardiseerd observatie instrument. 
Mogelijke verklaringen hiervoor zijn dat (1) bij hoger functionerende kinderen vallen de 
subtielere symptomen pas op latere leeftijd en onder meer uitdagende omstandigheden op; 
(2) milde/subtiele symptomen worden mogelijk beter herkend met behulp van klinisch- 
diagnostische methoden gebaseerd op meerder informatiebronnen; (3) klinische diagnoses  - 
in tegenstelling tot scores op een gestandaardiseerde observatie – waren mede gebaseerd 
bijkomende problemen en functioneren, hetgeen de drempel zou kunnen verlagen om ASS 
te diagnosticeren; Tenslotte (4) De combinatie van ADHD symptomen of trekken met relatief 
milde ASS symptomen of trekken zou kunnen wijzen op een apart fenotype dat tussen ASS en 
ADHD ligt, een hypothese die verder onderzoek verdient met een doorloop tot in de 
adolescentie. Twee subgroepen (ieder 5.4%) verbeterden sterk wat betreft de 
kernsymptomen van ASS, taal, non-verbaal IQ en ADHD-gerelateerde trekken, een 
verbetering die bij aanvang niet te voorspellen was.  
 
Overkoepelende thema’s  
Verder dan de kernsymptomen 
De meeste psychische en ontwikkelingsstoornissen, in het bijzonder neurobiologische 
ontwikkelingsstoornissen, vertonen een sterke heterogeniteit, komen vaak samen voor en 
vertonen enige overlap in verschijningsvorm en etiologie. Differentiatie gebaseerd op alleen 
kernsymptomen is dan ook twijfelachtig. Dit is des te meer het geval op heel jonge leeftijd  
vanwege de snelle ontwikkeling, onrijpheid van functiegebieden en sterke wisselwerking met 
de omgeving. In het geval van ASS, zijn bijkomende ADHD symptomen/trekken zeer relevant 
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vanwege hun impact op adaptief functioneren en kwaliteit van leven, en dienen zij daarom 
meegenomen te worden als focus van interventies. Behalve symptomen en dwars door 
diagnostische grenzen heen, zijn vele ontwikkelingsdomeinen van sterke invloed op het 
actuele beeld en het beloop. Te denken valt aan aandacht functies, sensorische reactiviteit 
en verwerking, emotieregulatie, temperament, intelligentie en executief functioneren. De 
domeinen worden bepaald door unieke en overlappende biologische systemen en 
mechanismen, welke de etiologische heterogeniteit verder vergroten. Dit zou bijvoorbeeld 
kunnen verklaren waarom roken gedurende de zwangerschap een invloed heeft op IQ en niet 
op de ASS symptomen bij kinderen met het milde ASS fenotype. Vanuit een ander perspectief 
zouden verschillende ontwikkelingsdomeinen en hun biologische correlaten verder gezien 
kunnen worden als integraal onderdeel van de kernpathologie of als de daadwerkelijke 
kerndomeinen van pathologie dwars door diagnostische grenzen heen.  
 
Onderliggende gedragingen en mechanismen 
In de literatuur zijn veel verschillende procedures toegepast om kernsymptomen en 
andere kenmerken in kaart te brengen. De gebruikte instrumenten resulteren meestal in 
scores op samengestelde factoren die schijnbaar identiek zijn, maar vaak erg verschillen 
tussen studies en tussen leeftijden op het niveau van meer basale gedragingen/vaardigheden. 
Men moet zich dan de vraag stellen wat er precies is gemeten. Zo zou het falen op cognitieve 
taken door jonge kinderen met ontwikkelingsstoornissen mogelijk beter primair 
toegeschreven kunnen worden aan stoornissen in de sociale informatieverwerking, aan 
zelfregulatieproblemen en/of omgevingsfactoren, en slechts deels aan cognitieve 
beperkingen. De langdurige fase van rijping van cognitieve functies en de vele 
neurobiologische processen die daarbij in de loop van de tijd bij betrokken zijn, 
veronderstellen verder dat gedurende verschillende rijpingsstadia de prestaties op cognitieve 
testen ook verschillende vaardigheden en onderliggende mechanismen meten. Het vorige 
pleit voor het gebruik van methoden en maten die uitgesplitst kunnen worden in meer 
elementaire componenten, die beter gelinkt kunnen worden aan biologische systemen en 
toepasbaar zijn over verschillende leeftijden heen.  
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Ontwikkelingscascades 
ASS en ADHD, net als de meeste andere psychische stoornissen, ontwikkelen zich uit 
interacties tussen multipele genetische en omgevingsinvloeden op een netwerk van 
neurobiologische systemen die zich vanaf de conceptie ontvouwen. Deze interacties of 
ontwikkelingscascades verklaren waarom verschillende risicofactoren en beperkingen bij ASS 
en ADHD tot verschillen in beloop en uitkomst kunnen leiden en op zichzelf beperkt 
voorspellend zijn. Als gevolg van bovengenoemde interacties, waaronder de voortdurende 
adaptaties aan de veranderende eisen vanuit de omgeving, ontwikkelt ASS zich over de tijd in 
toenemend heterogene en complexe fenotypen. Die heterogeniteit en complexiteit kan 
alleen begrepen worden in de context van de systemen waarin zij zich ontwikkelen over de 
tijd. Er is echter nog veel onbekend over de timing en richting van de effecten en over de 
relatieve bijdrage van verschillende domeinen en factoren op de ontwikkeling en uitkomst 
van ASS. Het beter begrijpen van de onderliggende mechanismen die leiden tot de 
stoornissen is uiterst relevant. Dit zal bijdragen aan de ontwikkeling van goed getimede en 
effectieve interventies die mede aangrijpen op oorzakelijke mechanismen en voorspelling van 
beloop faciliteren.  
 
Conclusies  
Veel interacterende factoren en processen binnen en buiten de kern symptomen zijn 
betrokken bij neurobiologische ontwikkelingsstoornissen. Dit vraagt om een multi-
methodische benadering gericht op een breed scala aan sensorische, gedragsmatige, en 
cognitieve eigenschappen, en op de bijbehorende elementaire componenten van informatie 
verwerking. Deze eigenschappen dienen bij voorkeur in verschillende (sociale) 
omstandigheden gemeten en vervolgd te worden over de ontwikkelingsfasen heen. Om 
breed toepasbaar te zijn qua stoornissen en leeftijden, zouden maten gebruikt moeten 
worden die dimensioneel zijn, zo mogelijk te linken zijn aan neurobiologische systemen en bij 
voorkeur ook goed klinisch inzetbaar zijn (Karalunas et al., 2012). Verder dienen zeker ook de 
effecten van vroege beschermende en risicofactoren in de omgeving meegenomen te 
worden, vanaf de prenatale periode. De inzichten verkregen via een dergelijke integratieve 
benadering zullen uiteindelijk kunnen leiden tot geïndividualiseerde en zelfs preventieve 
interventies op het niveau van oorzakelijke processen (Johnson, Gliga, Jones, & Charman, 
2015; Jones, Gliga, Bedford, Charman, & Johnson, 2014; E. J. Sonuga-Barke & Halperin, 2010). 
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